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Executive Summary

This report presents the findings of the Remedial Investigation (RI) at the Area of Concern (AOC) 6
Trinitrotoluene (TNT) Graining House Sump and TNT Catch Box Ruins subareas (AOC 6 TNT Subareas), Naval
Weapons Station (WPNSTA) Yorktown, Cheatham Annex (CAX), in Williamsburg, Virginia. Based on the
results from previous investigations, the Rl was conducted to characterize the nature and extent of
contamination within soil and groundwater to assess the potential risks posed by exposure to contamination
for human and ecological receptors. Surface water and sediment analytical data were previously collected at
the AOC 6 TNT Subareas during the 2012 Site Inspection (SI) (CH2M HILL, 2012). However, since no potential
human health or ecological risks were identified for sediment and surface water based on results of the SI,
and since these media are currently being assessed as part of the Penniman Lake SI, they were not
evaluated in this RI.

The objectives of the Rl have been achieved — data gaps have been filled, the nature and extent of
contamination have been sufficiently defined, the conceptual site model (CSM) has been updated to reflect
the compilation of data from all investigation activities to-date, and human health and ecological risks have
been assessed.

Soil and groundwater sampling at the AOC 6 TNT Subareas indicate that the extent of contamination within
soil has been delineated and consists primarily of two separate areas to the immediate southeast and
northeast of the foundation of the former TNT Graining House.

The sources of contamination at the AOC 6 TNT Subareas are considered to be potential sources of historical
leakage or discharge from the former TNT Graining House Sump and/or TNT Catch Box Ruins. The former
TNT Catch Box Ruins were used to separate TNT particles from wastewater. Historical leakage or discharge
represent the only identified source of CERCLA-regulated contamination at the AOC 6 TNT Subareas. Based
on the data evaluations presented in this Rl, the following potentially site-related constituents of concern
(COCs) posing risks to either human health or the environment were identified:

Medium
Risk Component
Surface Soil Subsurface Soil Groundwater

Human Health 2,4,6-trinitrotoluene TNT, 2-nitrotoluene, Arsenic and iron

(TNT), 2-nitrotoluene, arsenic, and hexavalent

arsenic, hexavalent chromium

chromium, and lead*
Ecological TNT and lead TNT and lead No unacceptable

risks to aquatic
biota identified

*Unlike the other listed COCs, lead is not a COC when evaluating exposure to lead in soil across
the full site; however, if only exposed to soil within the Catch Box Ruins, lead is a COC for Catch
Box Ruins surface soil and combined surface and subsurface soil.

A Focused Feasibility Study (FFS) is recommended to develop and evaluate remedial alternatives to address
potentially unacceptable human health or ecological risks associated with TNT and lead in soil at the AOC 6
TNT Subareas. Since the size of the AOC 6 TNT Subareas is relatively small (approximately 0.5 acre) and the
approximate boundaries of the TNT and lead contamination in soil are defined, an FFS would allow for a
more efficient evaluation of several selected potential remedial alternatives. No further action is
recommended for arsenic and hexavalent chromium in soil. The arsenic concentrations are within the range
of background. Hexavalent chromium was not detected in surface soil and in subsurface soil, the risk to a
residential receptor would fall within the acceptable risk range for this constituent.

Since there was only one detection of the human health COC 2-nitrotoluene, the risks associated with
exposure to it across the site are likely over-estimated, and since this one detection is within the
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approximate distribution of TNT contamination south of the former TNT Graining House Sump, it would be
addressed as part of the FFS remedial alternatives associated with TNT in this area, such that no further
action with respect to 2-nitrotoluene is warranted.

In addition, no further action is recommended for groundwater since the groundwater data evaluated
during this Rl indicate that the concentrations of arsenic and iron in groundwater are likely attributable to

naturally occurring background conditions and not from historical leakage or discharge from the former TNT
Graining House Sump and/or TNT Catch Box Ruins.
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SECTION 1

Introduction

This Remedial Investigation (RI) report presents the data and findings obtained from the field activities
conducted to characterize the nature and extent of contamination and assess potential risks to human
health and the environment at Naval Environmental Restoration Program (ERP) Area of Concern (AOC) 6,
Trinitrotoluene (TNT) Graining House Sump and TNT Catch Box Ruins subareas, Naval Weapons Station
(WPNSTA) Yorktown, Cheatham Annex (CAX), Williamsburg, Virginia. Due to the geographic proximity of the
AOC 6 TNT Graining House Sump and the AOC 6 TNT Catch Box Ruins, these two subareas were investigated
together and are herein referred to as the AOC 6 TNT Subareas. This report was prepared for the
Department of the Navy (Navy), Naval Facilities Engineering Command (NAVFAC) Mid-Atlantic Division,
under the Comprehensive Long-term Environmental Action—Navy (CLEAN) 8012 Contract N62470-11-D-
8012, Contract Task Order WE47, for submittal to NAVFAC Mid-Atlantic, the United States Environmental
Protection Agency (USEPA) Region Ill, and the Virginia Department of Environmental Quality (VDEQ). The
Navy, USEPA, and VDEQ work jointly as the CAX Tier | Partnering Team.

The Rl field activities discussed in this report were conducted in September through October 2013, June
2014, and August 2014. The purpose of the Rl was to fill data gaps remaining following earlier investigations,
to further characterize the nature and extent of contamination, and to support an assessment of potential
environmental and human health risks associated with exposure to contaminants in site media at the AOC 6
TNT Subareas. The field activities were conducted in accordance with the Uniform Federal Policy — Sampling
and Analysis Plan (SAP) titled Tier Il Sampling and Analysis Plan, AOC 6 TNT Graining House Sump and TNT
Catch Box Ruins Subareas Remedial Investigation, Naval Weapons Station Yorktown Cheatham Annex,
Williamsburg, Virginia (AOC 6 TNT Subareas SAP) (CH2M HILL, 2013).

1.1 Objectives and Approach

The objectives of the Rl are to characterize the nature and extent of potential contamination in soil and
groundwater and to assess the potential risks posed by this contamination to human health and the
environment.

e The activities completed to support the objectives of the Rl activities were as follows:
e Collection of surface and subsurface soil samples from the AOC 6 TNT Subareas
e |Installation of six shallow monitoring wells at the AOC 6 TNT Subareas

e Completion of a groundwater elevation survey and collection of groundwater samples from all new
monitoring wells at the AOC 6 TNT Subareas

e Completion of single-well, hydraulic conductivity (K) ”slug” tests in monitoring wells at the AOC 6 TNT
Subareas

e Installation of a staff gauge in Penniman Lake to determine the Penniman Lake water surface elevation
for comparison to the water table elevation in the surficial aquifer at the AOC 6 TNT Subareas

e Quantitative assessment of the potential human health and ecological risks associated with exposure to
contaminated site media, where identified

1.2 Site Background

This subsection provides a general summary of background information for CAX and the AOC 6 TNT
Subareas, including site descriptions and environmental history.

ES102214063427WDC 1-1
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1.2.1 CAX

CAX consists of 2,300 acres of land on the York-James Peninsula, northwest of WPNSTA Yorktown

(Figure 1-1). CAX was the location of the former Penniman Shell Loading Plant (PSLP), a large powder and
shell loading facility operated by DuPont during World War I. The facility closed in 1918, and the property
was used for farming or remained idle until CAX was commissioned in 1943 as a satellite unit of the Naval
Supply Depot to provide bulk storage facilities and serve as an assembly and overseas shipping point
throughout World War Il. In 1987, CAX was designated the Hampton Roads Navy Recreational Complex.
Today, the mission of CAX includes supplying Atlantic Fleet ships and providing recreational opportunities to
military and civilian personnel, with outdoor recreational facilities including cabins, camping sites, an 18-
hole golf course, swimming pool, ball fields, freshwater and saltwater fishing areas, boating, wildlife
watching, and hunting.

CAXis bordered by Queen Creek to the north, the Colonial National Historical Park to the south, the York
River to the east, King Creek to the southeast, and the Queens Lake subdivision to the west; the City of
Williamsburg is southwest of CAX. The majority of CAX is undeveloped and heavily wooded. Major surface
water features at CAX are Youth Pond, Cheatham Pond, Jones Pond, and Penniman Lake. Potable water
supply at CAX is provided by Newport News Waterworks (ASTDR, 2004).

In October 1998, control of CAX was transferred from the Fleet and Industrial Supply Center to WPNSTA
Yorktown. Comprehensive environmental restoration (ER) activities at CAX began in 1984 under the Navy
Assessment and Control of Installation Pollutants program and the ERP. On January 2, 2001, CAX was added
to the National Priorities List, which required all subsequent ER activities to be conducted under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The Navy,
Commonwealth of Virginia (through VDEQ), and USEPA executed a Federal Facilities Agreement in March
2005, which identified a total of 12 Sites and seven AOCs to be addressed under CERCLA (USEPA et al.,
2005).

1.2.2 AOC 6 TNT Subareas

Five non-contiguous subareas comprise AOC 6, each less than 1 acre in size, and all related to the former
PSLP. The PSLP was an explosives manufacturing facility operated during World War | by the E.l. DuPont de
Nemours & Company on what is now CAX and adjacent properties. This facility operated asa TNT
manufacturing plant beginning in approximately 1916, and subsequently added the loading of artillery shells
for the war effort in 1918. Between 1918 and 1925, following the end of the war, this facility was
demolished and reverted to farmland or left idle until CAX was commissioned in 1943 as a satellite unit of
the Naval Supply Depot to provide bulk storage facilities and serve as an assembly and overseas shipping
point throughout World War Il.

In August 2000, the USEPA and Navy agreed to investigate five subareas related to the former PSLP (1918
Drum Storage Area, Ammonia Settling Pits, TNT Graining House Sump, TNT Catch Box Ruins, and Waste Slag
Material). These subareas comprise AOC 6 (Penniman AOC), and are located within the vicinity of the former
shell loading area, south of Sanda Avenue (formerly DuPont’s “G” plant) on Navy property (Weston, 1999)
(Figure 1-2). The AOC 6 TNT Subareas, combined, are approximately 0.5 acre in size and are located along
the southwest bank of Penniman Lake (Figure 1-2). The AOC 6 TNT Subareas are the only subareas
investigated as part of this Rl; the other three AOC 6 subareas were evaluated separately.

The history of the AOC 6 TNT Subareas is largely unknown. Roy F. Weston, Inc. (Weston) identified these
subareas as potential waste sources through a review of historical aerial photographs, engineering drawings,
and site reconnaissance visits (Weston, 1999). The TNT Graining House Sump subarea includes the concrete
footprint of the former TNT Graining House as well as the concrete-lined, open top pit believed to be the
sump pit for the TNT Graining House. The TNT Catch Box Ruins subarea consists of an earthen, brick-lined
depression located immediately east and adjacent to the TNT Graining House. The TNT Catch Box was used
to separate TNT particles from wastewater. Potential historical leakage or discharge from the former TNT

1-2 ES102214063427WDC
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Graining House sump and/or TNT Catch Boxes are the sole known or suspected sources of contamination at
the AOC 6 TNT Subareas (Figure 1-3).

1.3 Summary of Previous Investigations

This section presents a summary of the findings from previous investigations conducted prior to the Rl field
activities. While the results of the previous investigations are briefly mentioned in this section, only the 2012
Site Inspection (SlI) analytical data were combined with the current Rl data for evaluation in this report, and
are discussed in greater detail in Section 4.

1.3.1 AOC 6 TNT Subareas Previous Investigations

Previous investigations that helped characterize potential contamination at the AOC 6 TNT Subareas are the
1999 SI (Weston, 1999) and the 2012 SI (CH2M HILL, 2012).

1.3.1.1 1999 Site Inspection

InJanuary 1999, one waste sample was collected from each of the TNT subareas to assess potential sources
of contamination associated with the former PSLP and to support hazard ranking system (HRS) evaluations.
The waste samples were analyzed for Target Compound List organic compounds (volatile organic
compounds [VOCs], semivolatile organic compounds [SVOCs], pesticides, and polychlorinated biphenyls
[PCBs]), Target Analyte List inorganic constituents, cyanide, and explosives constituents. The analytical
results indicated that detections of one explosive and several inorganic constituents exceeded the 1999
USEPA Region lll risk-based concentrations, as summarized in the Final Site Inspection Narrative Report for
the Penniman Shell Loading Plant (Weston, 1999), and these data were further reviewed as part of the 2012
SI Work Plan (CH2M HILL, 2008).

1.3.1.2 2012 Site Inspection

In 2008, Sl field activities were conducted that included surface and subsurface soil sampling, groundwater
sample collection via direct-push technology (DPT), and surface water and sediment (surface and
subsurface) sampling from nearby Penniman Lake. The soil and sediment samples were analyzed for SVOCs,
explosives, inorganic constituents, and cyanide; the groundwater and surface water samples were analyzed
for SVOCs, explosives, inorganic constituents (total and dissolved), cyanide (total and dissolved), and
hardness (surface water only). Since VOCs, SVOCs, pesticides, and PCBs were not found to be constituents of
potential concern (COPCs) during the 1999 SI, these analyses were not carried forward to the 2012 SI, with
the exception of SVOCs, which were added at the request of the USEPA. The sampling results were
evaluated as part of the SI Report (CH2M HILL, 2012) and indicated that potentially unacceptable human
health and/or ecological risks were associated with exposure to explosives and inorganic constituents in soil
and inorganic constituents in groundwater; therefore, an Rl was recommended. Because no potential
human health or ecological risks were identified for sediment and surface water, and since these media are
being evaluated as part of the Penniman Lake SI, no further action with respect to the AOC 6 Ammonia
Settling Pits and TNT Subareas was recommended for sediment and surface water (CH2M HILL, 2012).

As part of the SI that began in 2008, a geophysical survey was conducted in April 2010 around the AOC 6
Ammonia Settling Pits, TNT Graining House Sump, and TNT Catch Box Ruins subareas to address USEPA’s
concerns as to whether the buildings in these areas had underground piping connecting them to each other
or to other former PSLP buildings for the transfer of explosives materials. The results of the geophysical
survey showed no evidence of underground piping at any of the three subareas (CH2M HILL, 2012).

1.4 Report Organization
The Rl report is organized as follows:

e Section 1 —Introduction
e Section 2 - Field Investigation Methods
e Section 3 — Physical Characteristics
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Section 4 — Nature and Extent of Contamination
Section 5 — Human Health Risk Assessment
Section 6 — Ecological Risk Assessment

Section 7 — Chemical Fate and Transport
Section 8 — Conclusions and Recommendations
Section 9 — References

Tables and figures are provided at the end of each respective section. Appendixes are included at the end of
the report.
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SECTION 2

Field Investigation Methods

This section describes the approach and methodology for the field activities conducted as part of the Rl at
the AOC 6 TNT Subareas. Field activities for the AOC 6 TNT Subareas included surface and subsurface soil
sampling, monitoring well installation, groundwater monitoring and sampling, K testing, a field inspection of
the TNT Graining House Sump, and installation of a staff gauge in Penniman Lake. Specific details of the
sampling rationale and objectives for the AOC 6 TNT Subareas field activities are provided in the AOC 6 TNT
Subareas SAP (CH2M HILL, 2013).

Table 2-1 summarizes all of the environmental data that were evaluated during this Rl, including the number
of samples collected, sample nomenclature, the media sampled, the sample collection methods, and the
analyses performed. Figure 2-11 depicts the locations of all samples collected during the Rl in various
environmental media.

The investigation activities were implemented to support:
o Development of the hydrogeologic conceptual model for the AOC 6 TNT Subareas (Section 3)

e Assessment of the nature, extent, fate, and transport of contamination, potential sources of
contamination, and development of a contaminant transport conceptual site model (CSM) (Sections 4
and 7, respectively)

e Assessment of potential risks to human health and the environment (Sections 5 and 6, respectively)

e Information to be utilized for the potential completion of a future Focused Feasibility Study (FFS)
(Section 8)

2.1 AOC 6 TNT Subareas Field Investigation Activities

2.1.1 Pre-Investigation Activities

Prior to the Rl field activities, underground utility clearance was conducted at the AOC 6 TNT Subareas on
September 12, 2013, by Accumark, Inc., of Ashland, Virginia.

In addition, vegetation clearance was conducted on September 17, 2013, by Parratt-Wolff of East Syracuse,
New York, utilizing a Terex skid-steer loader.

2.1.2 Soil Sampling

Surface (0 to 6 inches below ground surface [bgs]) and subsurface (6 to 24 inches bgs) soil samples were
collected to better define the extent of soil contamination and evaluate potential risks associated with
exposure to soil at the AOC 6 TNT Subareas. The soil samples were divided into three groups:

e Surface and subsurface soil samples collected in the vicinity of the AOC 6 TNT Subareas to provide
expanded spatial coverage to adequately characterize this medium

e Surface and subsurface soil samples collected from areas where elevated chromium concentrations
were detected during the 2012 SI

1 The “berm bounda ry” on Figure 2-1 represents the remnants of an earthern berm that was installed during construction of the former PSLP and
assumed to providesome protection should an explosion occur.Berms [or “bunkers” as they are referred to on historic drawings (Weston, 1999)]
were constructed of various configurations (either completely surrounding or horseshoe-or L- shaped) around several of the former PSLP buildings
where an unexpected detonation of explosive materials could occur. The berm is located outside of the footprint of the TNT Subareas;therefore, no
samplingofthis area is necessary.
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e Three-point composite surface and subsurface soil samples collected from the surface depression at the
AOC 6 TNT Catch Box Ruins to account for the potential variability of contaminant concentrations within
this area and to address the potential for contamination above the water table

The soil sampling activities were conducted in accordance with the Standard Operating Procedure (SOP)
entitled Shallow Soil Sampling (CH2M HILL, 2013). Surface soil samples, collected with a hand auger, were
obtained from a depth of 0 to 6 inches bgs while subsurface soil samples, also collected with a hand auger,
were obtained from a depth of 6 to 24 inches bgs, as outlined in the approved AOC 6 TNT Subareas SAP.
Following sample collection, organic vapors emanating from each soil sample were monitored with a
photoionization detector (PID). Any responses from the PID were noted in the field logbook; no soil samples
registered a PID reading above 0.00 part per million.

2.1.2.1 Soil Sampling in the vicinity of the AOC 6 TNT Subareas

Co-located surface and subsurface soil samples were collected from 12 locations (Figure 2-1 — sample
locations CAA06-SO28 through CAA06-SO39) surrounding the AOC 6 TNT Graining House Sump and AOC 6
TNT Catch Box Ruins to supplement the 2012 SI data in order to determine the extent of soil contamination
and evaluate potential risks to human health and the environment. Thirteen sample locations were initially
proposed in the AOC 6 TNT Subareas SAP. However, based on the actual site conditions, the CAX Partnering
Team verbally agreed on September 12, 2013, to eliminate one of the proposed locations since the existing
berm prohibited sampling native soil in the intended area. In addition, the remaining Rl soil samples, plus
soil samples from the 2012 SI, provide adequate soil sample coverage to the north, west, and east of the
AOC 6 TNT Subareas (which is limited in size). The CAX Partnering Team agreed to re-locate soil sample
location CAA06-S028 to the southwest in order to collect a representative sample of native soil since its
proposed location, at the time, had standing water from a rain event.

In accordance with the approved AOC 6 TNT Subareas SAP, soil samples were analyzed for explosives, 2,4-
dinitrotoluene?(DNT), inorganic constituents, total organic carbon (TOC), pH, and grain size (surface soil
samples only) (Table 2-1). After collection in sampling containers, the samples were packed onice and
shipped to the laboratory (TriMatrix Laboratories of Grand Rapids, Michigan) for analyses, in accordance
with the SOP entitled Packaging and Shipping Procedures for Low-Concentration Samples (CH2M HILL,
2013).

2.1.2.2 Hexavalent Chromium Sampling

Two co-located surface and subsurface soil samples (CAA06-SS/SB26 and CAA06-SS/SB27) were collected
from those locations where elevated chromium concentrations were detected during the 2012 SI (CAAQ6-
S0O03 and CAA06-S001, respectively) in order to refine the Human Health Risk Assessment (HHRA) for the
AOC 6 TNT Subareas by determining the ratio of trivalent chromium to the more toxic hexavalent chromium.
In accordance with the approved AOC 6 TNT Subareas SAP (CH2M HILL, 2013), these soil samples were
analyzed for total and hexavalent chromium (Table 2-1). After collection in sampling containers, the samples
were packed on ice and shipped to the laboratory (Columbia Analytical Services of Rochester, New York) for
analyses, in accordance with the SOP entitled Packaging and Shipping Procedures for Low-Concentration
Samples (CH2M HILL, 2013).

2.1.2.3 Three-point Composite Soil Sampling at the AOC 6 TNT Catch Box Ruins

Co-located surface and subsurface, three-point composite soil samples (CAA06-S026-000H [0 to 6 inches
bgs] and CAA06-S026-0H02 [6 to 24 inches bgs]) were collected from the lowest portion and center of the
AOC 6 TNT Catch Box Ruins. The center of the three collection points was within the vicinity of the 2012 SI
location CAA06-SO01, where the highest detections of explosives and inorganic constituents were observed

2 since 2,4-DNT was the only SVOC constituent detected insoil duringthe 2012 SI, the Rl soil samples weresubmitted for analysis of 2,4-DNT.
However, the laboratory method for analyzingthis constituentalso provided results for 2,6-DNT and nitrobenzene.
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in surface and subsurface soil; the two other collection points were located 18 inches to the north and south
of the center collection point.

In accordance with the approved AOC 6 TNT Subareas SAP (CH2M HILL, 2013), the three-point composite
soil samples were analyzed for 2,4-DNT?, explosives, inorganic constituents, TOC, pH, and grain size (three-
point composite surface soil sample only) (Table 2-1). After collection in sampling containers, the samples
were packed on ice and shipped to the laboratory (TriMatrix Laboratories of Grand Rapids, Michigan) for
analysis, in accordance with the SOP entitled Packaging and Shipping Procedures for Low-Concentration
Samples (CH2M HILL, 2013).

2.1.3 Groundwater Sampling
2.1.3.1 Monitoring Well Installation

Six shallow monitoring wells (CAAO6-MWO01 through CAA06-MWO06) were installed within the Columbia
(surficial) aquifer to depths up to 20 feet bgs (Figure 2-1). Each monitoring well was installed in accordance
with the SOP entitled General Guidance for Monitoring Well Installation (CH2M HILL, 2013). The monitoring
well construction details are summarized in Appendix A.

Parratt-Wolff, Inc., of Hillsborough, North Carolina, provided hollow-stem auger (HSA) well drilling and
installation services using a 4.25-inch-inside-diameter (ID) HSA. During the lithologic logging of soil cores
(collected using 4-foot-long Macro Core sampler), soil descriptions, including grain size, color, moisture
content, relative density, consistency, soil structure, mineralogy, and other relevant information such as
possible evidence of contamination, were recorded. Soil boring logs are included in Appendix A.

New monitoring wells were constructed with flush-threaded, 2-inch-ID Schedule 40 polyvinyl chloride (PVC)
casing and well screen (Appendix A). In accordance with the SOP entitled /nstallation of Shallow Monitoring
Wells (CH2M HILL, 2013), the well screens were 10 feet long with 0.010-inch slot sizes. A silica sand filter
pack was placed around the annular space of the well screen from the bottom of the boring and well screen
to a depth of approximately 2 feet above the top of the screen. A bentonite layer (approximately 1 to 2 feet)
was placed at the top of the sand pack. After the bentonite was allowed to hydrate for at least 24 hours, a
cement-bentonite grout was placed in the remaining annular space to the surface. All monitoring wells were
completed with steel stick-up protective casings and surrounded by four protective bollards. A locking,
watertight cap was placed on the top of each casing, and the well identification numbers were clearly
marked on the well with etched well identification tags.

2.1.3.2 Monitoring Well Development

Prior to sampling, all monitoring wells were developed in order to restore the permeability of the aquifer
material surrounding the well, which may have been reduced by the drilling operations, and to remove fine-
grained materials that may have entered the well during installation. Monitoring well development was
performed after the grout used to construct the new monitoring wells was allowed to adequately set (at
least 24 hours or more) to prevent grout contamination of the screened interval. Monitoring wells were
developed using a submersible pump and a combination of surging and pumping throughout the well
screen.

Between 18 and 40 gallons of water were evacuated from each well, with a total of 182 gallons of water
purged during the entire monitoring well development event. During monitoring well development, in
accordance with the SOP entitled Installation of Shallow Monitoring Wells (CH2M HILL, 2013), water quality
parameters (pH, oxidation-reduction potential [ORP], temperature, conductivity, turbidity, and dissolved
oxygen [DO]) were recorded approximately every 5 minutes using a YSI water-quality meter. The YSI
instrument was calibrated daily, and calibration results were recorded in the field notebook.

Generally, development continued until at least three well volumes were removed and the water produced
was free of turbidity, sand, and silt (to the maximum extent practicable) or the monitoring well was purged
dry. A YSI water-quality meter was used to determine when the turbidity was low (preferably less than 20

Nephelometric Turbidity Units). If turbidity continued to decrease after the removal of three well volumes,
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development was continued until turbidity readings stabilized (that is, until turbidity readings were within
10 percent of each other forthree consecutive readings). In addition, development typically ended once
three successive measurements of pH, specific conductivity, and temperature within 10 percent of each
other were achieved.

2.1.3.3 Groundwater Elevation Measurements and Installation and Survey of Staff Gauge
in Penniman Lake

A groundwater elevation survey was conducted at all six monitoring wells prior to sampling on October 2,

2013, and additional rounds of groundwater elevation measurements were collected on June 18, 2014, and

August 22, 2014. An electronic water-level meter was used to measure the depth to water from the marking

on the top of casing to the nearest 0.01 foot.

To determine the potential for Penniman Lake to be recharging groundwater in the surficial aquifer at the
AOC 6 TNT Subareas and influencing groundwater flow directions, a staff gauge was installed on August 22,
2014, near the overflow inlet near Penniman Lake dam (Figure 2-1). Immediately following the staff gauge
installation, the staff gauge was surveyed by ECLS of Angier, North Carolina (a Virginia-licensed and
registered surveyor), and an additional round of groundwater level measurements was collected from each
of the six monitoring wells in the AOC 6 TNT Subareas. Table 2-2 summarizes the water-level measurements
from each round of groundwater measurements at the CAX AOC 6 TNT Subareas monitoring wells, as well as
the measured surface water elevation at the Penniman Lake staff gauge (PL-SGO1).

2.1.3.4 Groundwater Sampling

Groundwater samples were collected from all monitoring wells in accordance with the SOP entitled Low-
Flow Groundwater Sampling from Monitoring Wells — EPA Region | and I/l (CH2M HILL, 2013) in order to
minimize drawdown and to obtain samples representative of groundwater conditions in the surrounding
geologic formation. Prior to groundwater sample collection, monitoring wells were purged in order to
remove any stagnant water that may have accumulated within the well. Groundwater samples were
collected from monitoring wells using a peristaltic pump and disposable tubing. Groundwater quality
parameters comprising pH, conductivity, turbidity, DO, temperature, and ORP were measured during the
purging of each well using a YSI water-quality meter and a flow-through cell to prevent the purged
groundwater from contacting the atmosphere during parameter measurement.

Purging continued until water quality readings collected five minutes apart stabilized to within 10 percent of
one another. Following parameter stabilization, CHEMet test kits were used to confirm DO readings
measured by the YSI water-quality meters (both Model Number 600XLM), as well as to measure ferrous iron
concentrations. Once DO reading confirmation was obtained, the flow-through cell was disconnected and
samples were collected directly into laboratory-prepared, pre-preserved sample bottles. The final set of
groundwater quality measurements recorded before sample collection for each monitoring well is
presented in Table 2-3.

Groundwater samples were analyzed fortotal and dissolved inorganic constituents and natural attenuation
parameters comprising alkalinity, chloride, methane, nitrate, nitrite, pH, sulfate, sulfide, and TOC.
Groundwater for the analytical samples was pumped through tubing directly into the appropriate
laboratory-provided bottleware, with the exception of samples to be analyzed for dissolved inorganic
constituents. Groundwater collected for dissolved inorganic constituents analysis was pumped through a
0.45-micrometer filter and then directly into the sample bottleware. After collection in sampling containers,
and at the end of each day, the samples were packed on ice and shipped via overnight service to the
laboratory for analysis in accordance with the SOP entitled Packaging and Shipping Procedures for Low-
Concentration Samples (CH2M HILL, 2013).

2.1.3.5 Hydraulic Conductivity Testing

Aquifer K at the site was evaluated using single-well K tests, commonly referred to as “slug tests.” Due to the
limited area of influence achieved during a test, the slug test data provide a rough estimate of the
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hydrogeologic parameters of the aquifer unit proximal to the individual monitoring wells. The slug tests
were conducted in the following steps:

Static Water-Level Measurement: The static (pre-test) water level in the well was measured using an
electronic water-level meter with a graduated tape.

Pressure Transducer Placement: A pressure transducer was set 1 foot above the bottom of each well. The
pressure transducer was secured to the well to minimize disturbance during testing. The pressure
transducer was connected to a data logger programmed to collect a water-level measurement every second
for the duration of the test.

Falling Head Test: A slug (consisting of a 5.3-foot-long, 1.5-inch-diameter cylinder made of solid plastic) was
lowered until the base of the slug was near the top of the water, and then dropped into the water, causing
displacement of water in the well, which was manifested by an almost instantaneous rise in the water level
within the well. The water level in the well was monitored as it equilibrated by the pressure transducer and
manual measurements until the water level within the well returned at least 90 percent of the way to the
originally measured static water level.

Rising Head Test: After the falling head test was completed, the slug was quickly removed from the well,
causing an almost instantaneous drop in the water level. The water level in the well was monitored as it
equilibrated by the pressure transducer and manual measurements until the water level returned at least
90 percent of the way to the originally measured static water level.

Tests were conducted on October 4, 2013, in all permanent monitoring wells to provide data across the
aquifers at the site and to generate estimates of the K of the aquifer.

2.1.3.6 Surveying

The surveyor, ECLS of Angier, North Carolina (a Virginia-licensed and registered surveyor), conducted a
survey of the new monitoring wells and the soil sample locations. Each of the monitoring wells was surveyed
for vertical and horizontal control to an accuracy of £0.01 footand 10.1 foot, respectively (Appendix B).
Monitoring wells were surveyed at the top of the PVC casing (where marked) and at the ground surface. The
vertical elevations were referenced to National Geodetic Vertical Datum 88 to remain consistent with the
existing CAX vertical datum. Horizontal coordinates conformed to North American Datum 83 with ties to the
Virginia State Plane Coordinate System. The survey also included the footprint of the former TNT Graining
House and Sump, the TNT Catch Box Ruins, and the maximum elevation of the berm directly north of the
former TNT Graining House, as show in the survey exhibit plat in Appendix B.

2.1.4 TNT Graining House Sump Field Inspection

On September 19, 2013, the former TNT Graining House sump, located within the footprint of the TNT
Graining House (Figure 1-3), was inspected. The concrete sump compartment measured 8 feet long, 2.5 feet
wide, and 3.6 feet in depth, and water was observed at 2.2 feet above the bottom of the sump. Leaves,
roots, and less than two inches of organic material, plus flakes of scraped concrete, were recovered via a
three-inch auger bucket, but no residual material from the former ordnance plant processes was present.
Therefore, per the AOC 6 TNT Subareas SAP (CH2M HILL, 2013), no residual material sample was collected.

2.2 Quality Assurance and Quality Control

Samples collected for the Rl were analyzed using SW-846 Program methods with Level 1V quality assurance
(QA)/quality control (QC), as identified in the AOC 6 TNT Subareas SAP (CH2M HILL, 2013). For definitive
data, sample results were reported by the laboratories with the equivalent of USEPA Contract Laboratory
Program Level IV QA/QC.

Field QA/QC samples were collected during the sampling program. These samples were obtained to:
e Ensure that disposable and reusable sampling equipment were free of contaminants

e Evaluate field methodology
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e Establish ambient field background conditions
e Evaluate whether cross-contamination occurred during sampling and/or shipping

Several types of field QA/QC samples were collected and analyzed in accordance with the AOC 6 TNT
Subareas SAP (CH2M HILL, 2013). They are defined as follows:

e Equipment Rinsate Blank (decontaminated equipment): Equipment blanks were collected at the
frequency noted in Section 2.4 or Worksheet #12 of the AOC 6 TNT Subareas SAP (one per medium per
day of sampling). These samples were obtained by running laboratory-grade deionized (DI) water over
or through sample collection equipment after the equipment was decontaminated. These samples were
used to determine whether decontamination procedures for reusable equipment were adequate.

e Equipment Rinsate Blank (disposable equipment): Equipment blanks were collected at the frequency
noted in Worksheet #12 of the AOC 6 TNT Subareas SAP (once per lot). These samples were obtained by
running laboratory-grade DI water over or through sample collection equipment prior to the
equipment’s use. These samples were used to determine whether disposable, one-time-use equipment
was contaminant-free prior to use.

e Duplicate Sample: Duplicate samples were collected at the same time and under identical conditions as
their respective associated sample, at the frequency noted in Section 2.4 or Worksheet #12 of the AOC 6
TNT Subareas SAP (one per 10 field samples of similar matrix). These samples were collected to evaluate
the field and laboratory reproducibility of sample results, and are one way to evaluate field
methodology.

In addition to samples collected to monitor field QC, samples were also collected to monitor quality within
the laboratory. These included the following:

e Matrix Spike (MS): An aliquot of a matrix (that is, soil, groundwater, and so forth) was spiked with
known quantities of analytes of interest and subjected to the entire analytical procedure. By measuring
the recovery of these spiked quantities, the appropriateness of the method for the matrix was
demonstrated.

e Matrix Spike Duplicate (MSD): These samples were collected as second aliquots of the same matrix as
the MS to determine the precision of the method.

One MS sample and one MSD sample were collected for every 20 environmental samples collected (or
greater than or equal to 5 percent of the samples collected) per medium.

2.3 Decontamination Procedures

All decontamination activities were conducted in accordance with the SOPs entitled Decontamination of
Personnel and Equipment and Decontamination of Drilling Rigs and Equipment, as applicable (CH2M HILL,
2013). Disposable sampling equipment and personal protective equipment, such as Masterflex tubing and
nitrile gloves, were not decontaminated after use and instead were disposed as non-hazardous solid waste.
After use, disposable equipment was placed in plastic contractor bags and disposed in an onsite trash
dumpster. Non-disposable sampling equipment, such as hand augers, was decontaminated prior to each
use.

Reusable, heavy equipment, such as drilling rods and augers, was decontaminated before and in between
the collection of each sample using a high-pressure steam cleaner with potable-grade water. Pressure-
washing was conducted at the temporary decontamination pad, which had been constructed prior to the
start of drilling activities. The decontamination pad consisted of a raised wood frame lined with a high-
density polyethylene tarp, which acted as a basin to collect fluids. These fluids were then pumped into
approved 55-gallon drums to await characterization and disposal. All heavy equipment decontamination
procedures were conducted in accordance with the SOP entitled Decontamination of Drilling Rigs and
Equipment (CH2M HILL, 2013).
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Water generated during decontamination of sampling equipment was collected and transferred to an
approved 55-gallon drum to await characterization and disposal.

2.4 Investigation-derived Waste Management

Investigation-derived waste (IDW) generated during the AOC 6 TNT Subareas Rl included soil cuttings, well
development groundwater, groundwater sampling purge-water, as well as decontamination rinse-water
from all non-disposable sampling equipment and heavy equipment. The IDW was containerized in approved
55-gallon drums that were properly labeled and stored on secondary containment at ER Site 7, the approved
IDW staging location. In total, eight drums of solid IDW and eight drums of aqueous IDW were generated
during the AOC 6 TNT Subareas Rl field activities.

Prior to disposal, CH2M HILL field staff collected one composite sample from all aqueous IDW drums and
one composite sample from all solid IDW drums. The IDW samples were analyzed for full Toxicity
Characteristic Leachate Procedure analyses (VOCs, SVOCs, pesticides, and inorganic constituents),
ignitability, reactive cyanide, reactive sulfide, and corrosivity. Based on the analytical results, all IDW was
identified as non-hazardous and disposed by Clearfield, MMG, at the company’s approved disposal facility
located in Chesapeake, Virginia, within 90 days of generation.

All IDW management activities were conducted in accordance with Section 3.2.1 of the AOC 6 TNT Subareas
SAP. An analytical summary for the IDW samples is provided in Table 2-4. Laboratory analytical data for the
IDW samples are presented in Appendix C. All IDW handling and disposal information is included in
Appendix D.

2.5 Data Quality Evaluation

The data quality evaluation and validation is a multi-tiered approach. The process begins with an internal
laboratory review, continues with an independent review by a third-party validator, and ends with an overall
review by the CH2M HILL project chemistry team. The results of the data quality evaluation are included as
Appendix E.
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TABLE 2-1

Comprehensive Sample Summary Table
AOC 6 TNT Subareas Remedial Investigation
Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Sample

Identification

Investigation

Matrix

Sample Interval
(bgs)

SVOCs

Explosives (including
nitroglycerin and
nitroguanadine)

Explosives
(including
nitroglycerin)

Inorganic
constituents

(including cyanide)?

Total and
Hexavalent
Chromium

-
o
(9]

T
X

Hardness

Grain
size

AvVsS/
SEM

Alkalinity, Chloride,

Methane, Nitrate, Nitrite,

Sulfate, Sulfide

Sample
Collection
Method

CAA06-5501-1008

CAA06-5502-1008

CAA06-5503-1008

CAA06-5504-1008

CAA06-5507-1108

CAA06-5508-1108

CAA06-5513-1108

CAA06-5B01-1008

CAA06-5B02-1008

CAA06-5B03-1008

CAA06-5B04-1008

CAA06-5B07-1108

CAA06-SB08-1108

CAA06-5B13-1108

CAA06-DWO01-1108

CAA06-DWO06-1108

CAA06-DWO07-1108

CAA06-DW08-1108

CAA06-SW01-1008

CAA06-SW01P-1008"

CAA06-SD01-1008

CAA06-SD01P-1008"

CAA06-SSD01-1008

2008 CAX AOCs Sl

Surface Soil

0-6 inches

>

>

Subsurface Soil

6-24 inches

XIX|IX|X|X|X|XIX|X|X|X|X|X]|X

X[IX|IX|IX|X|X|XIX|X|X|X|X|X]|X

Hand Auger

Groundwater

10-14 feet

8-12 feet

9-13 feet

9.5-13.5 feet

XIX|IX|XIX|X|IX|X|X|X|XIX|X|X|X|X|X]|X

X[IX|IX|XIX|X|X|X|XIX|XIX|X|X|X]|X|X

XIX|IX|XIX|X|X|X|X|IX|XIX|X|X|X|X|X

Peristaltic
Pump

Surface Water

NA

>

>

>

Clean Glass
Amber Bottle

Sediment

0-0.33 foot

Sediment
Core Sampler

Subsurface
Sediment

0.33-0.66 foot

Sediment
Core Sampler

CAA06-5534-0913

CAA06-5535-0913

CAA06-5535P-0913"

CAA06-5536-0913

CAA06-5537-0913

CAA06-5538-0913

CAA06-5526-0913

CAA06-5526P-0913"

CAA06-5527-0913

CAA06-5528-0913

CAA06-5529-0913

CAA06-5530-0913

CAA06-5531-0913

CAA06-5532-0913

CAA06-5533-0913

CAA06-5539-0913

2013 CAX AOC6
TNT Subareas Rl

Surface Soil

0-6 inches

w

w

w

w

w

w

XX X [X|IX|X X

w

XIX|IX|IX|X|X]|X

X|IX|IX|IX|X|X]|X

X|IX|IX|IX|X|X]|X

X|IX|IX|IX|X|X]X

X|IX|IX|IX|X|X]X

Hand Auger
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TABLE 2-1
Comprehensive Sample Summary Table
AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Sample

. . Investigation
Identification g

Matrix

Sample Interval
(bgs)

SVOCs

Explosives (including
nitroglycerin and
nitroguanadine)

Explosives
(including
nitroglycerin)

Inorganic
constituents

(including cyanide)?

Total and
Hexavalent
Chromium

TOC

pH

Hardness

Grain
size

AvVsS/
SEM

Alkalinity, Chloride,
Methane, Nitrate, Nitrite,
Sulfate, Sulfide

Sample
Collection
Method

CAA06-5B26-0H02-0913

CAA06-SB26P-0H02-0913"

CAA06-5B27-0H02-0913

CAA06-5B28-0H02-0913

CAA06-5B29-0H02-0913

CAA06-5SB30-0H02-0913

CAA06-5B31-0H02-0913

CAA06-5B32-0H02-0913

CAA06-5B33-0H02-0913

CAA06-5B39-0H02-0913

CAA06-5B34-0H02-0913

CAA06-5B35-0H02-0913

CAA06-SB35P-0H02-0913" 2013 CAXAOC6

CAA06-5B36-0H02-0913 TNT Subareas Rl

CAA06-5B37-0H02-0913

CAA06-5B38-0H02-0913

CAA06-5026-000H-0913

CAA06-5026-0H02-0913

CAA06-GWO01-1013

CAA06-GWO01P-1013"

CAA06-GW02-1013

CAA06-GWO03-1013

CAA06-GWO04-1013

CAA06-GWO05-1013

CAA06-GWO06-1013

Subsurface Soil

6-24 inches

X

X

w

w

w

w

w

w

w

w

X|IX|IX|IX|X|X|X|X

X|IX|IX|IX|X|X[|X|X

X|IX|IX|IX|X|X[|X|X

X|IX|IX|IX|X|X]|X|X

w

w

>

>

>

>

w

w

w

Hand Auger

3-point
Composite Soil

0-6 inches

><w><><><><><><><><><><><><><

X XXX

X XXX

X XXX

X XXX

6-24 inches

>
W

>

>

>

>

Hand Auger

Groundwater

4-14 feet

4-14 feet

5-15 feet

10-20 feet

4-14 feet

4-14 feet

X |IX|IX|IX]|X

X|IX|IX|IX]|X

X | X|X|X]|X

X|IX|IX|IX]|X

Peristaltic
Pump

Notes:
1Duplicate sample

*Total and dissolved inorganics included for groundwater samples

3Since 2,4-dinitrotoluene was the only SVOC constituent detected in soil during the SI, the Rl soil samples were submitted for analysis of 2,4-dinitrotoluene. However, the laboratory method for analyzing this constituent also included 2,6-dinitrotoluene and

NA - Not applicable

SS - surface soil

SB - subsurface soil

SO - 3-point composite soil
GW - groundwater

SD - sediment

SSD - subsurface sediment
bgs - below ground surface

Shading indicates data not evaluated in Rl report
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TABLE 2-2

Groundwater and Penniman Lake Surface Water Elevations

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Total Well . October 2, 2013 June 18, 2014 August 22, 2014
Well Screen | Ground | Top of Casing
Depth . . Depth to Water| Depth to Groundwater Depth to Groundwater Depth to Depth to Groundwater
Well ID Interval Elevation Elevation ) Depth to Water X .
(feet below (feet below Water (feet Elevation Water (feet Elevation (feet | Water (feet | Water (feet Elevation
) (feet bgs) |(feet amsl)| (feet amsl) (feet bgs)
top of casmg) TOC) bgs) (feet amsl) below TOC) amsl) below TOC) bgs) (feet amsl)
CAA06-MWO01 17.25 4-14 13.83 16.86 9.65 6.62 7.21 9.97 6.94 6.89 10.51 7.48 6.35
CAA06-MW02 17.41 4-14 15.37 18.51 11.53 8.39 6.98 11.95 8.81 6.56 12.43 9.29 6.08
CAA06-MWO03 18.19 5-15 11.9 15.01 7.93 4.82 7.08 8.39 5.28 6.62 8.91 5.80 6.10
CAA06-MWO04 22.90 10-20 12.91 16.09 11.13 7.95 4.96 11.60 8.42 4.49 11.70 8.52 4.39
CAA06-MWO05 17.46 4-14 13.59 16.88 10.42 7.13 6.46 10.89 7.60 5.99 11.21 7.92 5.67
CAA06-MWO06 17.45 4-14 14.88 17.95 10.95 7.88 7.00 11.33 8.26 6.62 11.80 8.73 6.15
8/22/2014 (2:00 pm)
Top tff Top of Gauge Penniman Penniman Lake
Mounting Staff
Staff Gauge ID at 4.0 Mark Surface Water
Pole (feet Gauge .
(feet amsl) - Elevation (feet
amsl) Reading 0
(feet) amsl)
PL-SGO1 13.17 11.34 0.72 8.06
Notes:

'NAVS8S elevation was obtained by adding 7.34' to the reading on the staff gauge
bgs - below ground surface
amsl - above mean sea level
TOC - top of casing
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TABLE 2-3

Groundwater Field Parameter Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID CAA06-MWO01 CAA06-MWO02 CAA06-MWO03 CAA06-MWO04 CAA06-MWO05 CAA06-MWO06
Sample ID CAA06-GWO01-1013| CAA06-GW02-1013| CAAO6-GWO03-1013| CAA06-GWO04-1013 | CAA06-GWO05-1013 | CAA06-GWO06-1013
Sample Date 10/02/13 10/02/13 10/02/13 10/02/13 10/02/13 10/02/13
Field Parameter

Dissolved Oxygen (mg/L) 1.32 0 0.41 0.10 0.06 0.02
CHEMets® Dissolved Oxygen (mg/L)" 0.1 0 1 0.3 0.1 0
Oxidation Reduction Potential (mV) -53.0 -117.9 -105.1 -179.1 -112.0 -188.6

pH 6.34 6.33 6.51 6.8 6.56 6.84
Specific Conductivity (mS/cm) 0.231 0.304 0.372 0.448 0.373 0.434
Temperature (°C) 18.91 20.24 21.86 20.5 19.68 19.37
Turbidity (NTU) 0.83 4.92 4.46 3.73 6.62 9.4
CHEMets® Ferrous Iron (mg/L)" 1 2.4 2.0 4 1.4 4

Notes:

DO collected using Oxygen (dissolved) CHEMets® Kit; Ferrous iron collected using Iron (total & ferrous) CHEMets® Kit

°C - Degrees centigrade

mg/L - Milligrams per liter

mS/cm - Milliseimens per centimeter
mV - Millivolts

NTU - Nephelometric turbidity unit
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TABLE 2-4
IDW Analytical Results Summary
AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Sample ID

CAA06-IDW100313-AQ

CAA06-IDW100313-SO

Sample Date

10/3/13

10/3/13

Chemical Name

TCLP Volatile Organic Compounds (MG/L)

No Detections

TCLP Semivolatile Organic Compounds (MG/L)

No Detections

TCLP Pesticides/Polychlorinated Biphenyls (MG/L)

No Detections

TCLP Herbicides (MG/L)

No Detections

TCLP Metals (MG/L)

Barium

0.014 )

0.089 J

Wet Chemistry (MG/KG)

Cyanide

0.081 J

0.05 U

Reactivity (MG/KG)

No Detections

Corrosivity (PH)

pH

6.9

6.2

Ignitability (DEG/F)

No Detections

Notes:

> - Flashpoint is greater than the value reported, no flashpoint was observed

DEG/F - Degrees Fahrenheit

J - Analyte present. Value may or may not be accurate or precise

MG/KG - Milligrams per kilogram
MG/L - Milligrams per liter
NS - Not sampled

PH - pH units
U - The material was analyzed tor, but not detected

Shading indicates detection
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SECTION 3

Physical Characteristics

This section presents an evaluation of the AOC 6 TNT Subareas physical characteristics pertaining to the
conceptual hydrogeology of the site. The physical settings of CAX and the AOC 6 TNT Subareas, including
meteorology, topography, land and groundwater use, hydrogeology, and ecological resources, are
summarized in this section. This information provides the basis for the hydrologic and hydrogeologic
conceptual model of the AOC 6 TNT Subareas, which in turn is a foundational element of the overall CSM for
these sites. A detailed hydrologic and hydrogeologic conceptual model is important to describe the primary
mechanisms that control the fate and migration of contaminants. The information concerning the physical
characteristics of the AOC 6 TNT Subareas also supports the HHRA and Ecological Risk Assessment (ERA).

3.1 Climate

The climate of the Virginia Peninsula is influenced by the moderating effects of the Atlantic Ocean, resulting
in mild winters and long, warm summers. High humidity occurs frequently along the coast and less
frequently inland. The average relative humidity in mid-afternoon is approximately 60 percent. Humidity is
higher at night, and the average humidity at dawn is approximately 80 percent. Ground fogis a frequent
weather occurrence in late summer, especially during early morning hours.

Freezing temperatures occur intermittently from October through March. The average monthly
temperatures in the area range from approximately 38.8 degrees Fahrenheit (°F) in January to 77.4°F in July
(Baker, 2003).

Because of its location near the coastline, the vicinity of CAX is subject to easterly storms throughout late
summer and early fall, which cause high tides and coastal flooding. Intense tropical hurricanes occasionally
sweep the coast. Winter storms that move along the eastern seaboard are often associated with high winds
and precipitation, occasionally in the form of snow, ice pellets, or rain; however, the snow is seldom
prolonged or heavy. The average annual precipitation is approximately 44 inches, with the summer months
being the wettest and the winter months being the driest (Baker, 2003).

Spring is a period of contrasting weather, particularly during March. Spring and autumn are periods of
occasional frost. Summer is warm and humid with occasional showers and afternoon thunderstorms.
Autumn is a season of comfortable temperatures (average temperature 60°F to 81°F) and generally pleasant
weather (Baker, 2003).

Winds are highly variable in the area of CAX. Prevailing winds are usually from the south-southwest, but
north-northeasterly winds are common in some months. Onshore winds predominate during the spring and
summer (Baker, 2003).

3.2 Topography and Surface Drainage Features

The topography at CAX is characterized by gently rolling terrain dissected by ravines and stream valleys
trending predominantly northeastward toward the York River. Ground elevations at CAX vary from sea level
along the eastern boundary, which borders the York River, to a maximum elevation of approximately 50 feet
above mean sea level (amsl) on a few scattered hills in the western portion of the base. Valleys consisting of
40- to 60-foot ravines with steep slopes (slopes exceeding 1:1) occur along the major creeks draining CAX
(Baker, 2003).

CAX is bordered on the west by Cheatham Pond, on the north by the mouth of Queen Creek, on the east by
the York River, and on the south by King Creek. In 1943, dams were constructed to create the 108-acre
Cheatham Pond from a tributary of Queen Creek, as well as the 43-acre Penniman Lake from a tributary of
King Creek. Both creeks are tidally influenced; however, Cheatham Pond and Penniman Lake are not.
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AOC 6 TNT SUBAREAS REMEDIAL INVESTIGATION REPORT

Damming a portion of the Cub Creek watershed formed Jones Pond, a 69-acre freshwater, non-tidally-
influenced pond enclosed by several wooded ravines and located in the southwestern section of CAX.
Numerous small creeks flow through wooded ravines throughout CAX and drain into tidal creeks that join
the York River. In most areas, forests extend to the marsh and lake margins. The tributaries of CAX all drain
into the York River (Baker, 2003).

The AOC 6 TNT Subareas are wooded and moderately vegetated with shrubs. In general, the topography of
the AOC 6 TNT Subareas is gently undulating with a somewhat abrupt topographic descent along the
shoreline of Penniman Lake. Surficial runoff from the AOC 6 TNT Subareas flows primarily east toward
Penniman Lake and southeast toward King Creek (Figure 3-1).

3.3 Land Use

CAX is a secure military installation that occupies 2,300 acres. The area encompassing the AOC 6 TNT
Subareas is approximately 0.5 acre in size and located within the confines of CAX where access by the
general public is restricted. Navy and Department of Defense (DoD) personnel do have access to the AOC 6
TNT Subareas for the pursuit of recreational activities such as jogging, hunting, and fishing. Future land use
at the AOC 6 TNT Subareas is not expected to change and will likely continue as wooded/recreational in the
foreseeable future.

3.4 \Water Use

Between approximately 1943 and October 2002, Jones Pond was the drinking water source for CAX (ATSDR,
2004). In addition, groundwater from the Yorktown-Eastover aquifer was historically the drinking water
source for older individual homes within the vicinity of CAX and was used as a backup water supply for CAX
itself. In 2002, the source of drinking water for CAX switched from Jones Pond to water3 distributed by the
City of Newport News Waterworks (ATSDR, 2004). Therefore, groundwater at CAX is not a current or
anticipated future source of drinking water at the installation. Furthermore, drinking water is publically
available through the City of Newport News Waterworks to all domestic homes located within the vicinity of
CAX. The Commonwealth of Virginia does not employ groundwater use classifications; therefore,
groundwater at CAX is considered to be of potential beneficial use. There are no fresh surface water bodies
within the vicinity of the AOC 6 TNT Subareas that could feasibly be used as a potable water supply.

3.5 Hydrogeology
3.5.1 Geology

CAX is located in the Atlantic Coastal Plain Physiographic Province, which is underlain by multiple layers of
unconsolidated sediment of Quaternary, Tertiary, and Cretaceous ages (Figure 3-2). The primarily granitic
rock formations of the Appalachian Mountains to the west were eroded over millennia and sediment was
transported from the mountains by rivers and streams to the coast, building up layers of sediment that
fanned out onto the Atlantic continental shelf. Successive sea level rises deposited fluvial estuarine and
marine sediment further, building the Coastal Plain. Widely fluctuating sea levels sculpted the Coastal Plain
into river terraces of different elevations bounded by scarp features that resulted from shoreline erosion.
The Coastal Plain in the vicinity of CAX includes four terraces: Lackey Plain, Croaker Flat, Huntington Flat,
and Grafton Plain (from highest to lowest), and three scarps: Kingsmill, Lee Hall, and Camp Peary. As shown
on Figure 3-3, CAX is located within the Lackey Plain and Croaker Flat terraces, separated by the Camp Peary
scarp located along the York River (Brockman et al., 1997), with the AOC 6 TNT Subareas located within the
Croaker Flat.

3 The Chickahominy River is the primary source of drinking water for the City of Newport News, with groundwater from deep wells inthe Lee Hall
area servingas a secondary source of water (Newport News Waterworks, 2013)
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SECTION 3—PHYSICAL CHARACTERISTICS

A total of 10 geologic formations have been identified (Brockman et al., 1997) beneath CAX. The uppermost
geologic formations consists of alluvial, colluvial, and marsh deposits composed of silt, sand, and pebbles
with some clay. In terms of the overlying soils, the AOC 6 TNT Subareas are located within Soil Association
Group 2, one of the four soil association groups identified at CAX during a 1985 soil survey report for CAX
prepared by the Soil Conservation Service. Soils in Soil Association Group 2, the Dogue, Pamunkey, and
Uchee Association (Figure 3-4), were formed on river terraces and are deep, well- to poorly drained soils
with clayey and loamy subsoils (Baker, 2003). A more detailed description of the soils within Soil Association
Group 2 can be found in the 2003 CAX Background Investigation report (Baker, 2003).

The uppermost subsurface geology in the area of the AOC 6 TNT Subareas consists of the Pleistocene
(Quaternary) Shirley formation and the Pliocene (Tertiary) Yorktown formation (Mixon et al., 1989). The
Shirley formation is relatively thin, only occurs within topographically higher areas located adjacent to the
site, and consists of sand, gravel, silt, clay, and trace amounts of organic material. The uppermost portion of
the Yorktown formation (Yorktown confining unit) is defined by Brockman and Richardson (1992) as the silt
or clay of the Morgarts Beach Member of the Yorktown formation and consists of clay, clayey silt, sandy
clay, or silty clay with or without some shell hash or sand stringers (Brockman et al., 1997). Within the
Croaker Flat, the Yorktown confining unit impedes the vertical flow of groundwater between the Columbia
(surficial) and Yorktown-Eastover aquifers (Brockman et al., 1997). Soil boring data from both the SI (CH2M
HILL, 2012) and the RI (Appendix A) indicate that the subsurface lithology at the AOC 6 TNT Subareas
consists (in descending order) primarily of a thin layer of topsoil underlain by dark and light colored silty
sands that are interlayered with fine clays, which are then underlain by a greenish-grey fatclay.

3.5.2 Hydrostratigraphy

Each Coastal Plain geologic unit was grouped into hydrostratigraphic units based upon hydrologic
characteristics (Lazniak and Meng, 1988; Brockman et al., 1997). Based upon the hydraulic characteristics of
the geologic units present, the uppermost eight (Cobham Bay Member of the Eastover formation through
the Tabb formation) of the 10 geologic formations have been identified as the York County Shallow Aquifer
System. As shown on Figure 3-2, the following five hydrogeologic units make up the York County Shallow
Aquifer System at CAX (in descending order):

e Columbia aquifer (consisting of the Windsor through Tabb formations)
e Cornwallis Cave confining unit (consisting of the Bacons Castle formation)

e Cornwallis Cave aquifer (consisting of the upper Moore House Member of the Yorktown formation and
the Sedley formation)

e Yorktown confining unit (consisting of the upper Morgarts Beach and lower Moore House Members of
the Yorktown formation)

e Yorktown-Eastover aquifer (consisting of the Cobham Bay through Rushmere Members of the Yorktown
formation)

Beneath the AOC 6 TNT Subareas, the Camp Peary Scarp truncates portions of the York County Shallow
Aquifer System; the Cornwallis Cave Confining Unit and Cornwallis Cave aquifer are not present at this site.
The first encountered groundwater occurs within silty sands of the Columbia aquifer that are interlayered
with fine clays. The Columbia aquifer is unconfined at the site, approximately 11 to 15 feet thick (Appendix
A), and is recharged by the infiltration of precipitation. The Yorktown confining unit underlies the Columbia
aquifer at the AOC 6 TNT Subareas. Based on a geohydrological study of WPNSTA Yorktown, the Yorktown
confining unit is generally 14 feet thick (Brockman et al., 1997).

3.5.3 Aquifer Properties

Aquifer “slug” testing was performed at each of the six new AOC 6 TNT Subareas monitoring wells in
October 2013 to collect rising-head and falling-head test data to estimate the K of the Columbia aquifer in
the vicinity of the wells. The slug test data were analyzed using both the Hvorslev Method (Hvorslev, 1951)
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and the Bouwer and Rice Method (Bouwer and Rice, 1976). The K values were reported for both rising- and
falling-head methods when the static water-level occurred within the riser pipe portion of the monitoring
well (that is, above the screen interval). Table 3-1 summarizes the results of the testing. The slug test data
analyses were performed utilizing AQTESOLV software; the data plots are provided in Appendix F, and the
average calculated horizontal hydraulic conductivity or Henry’s Law Constant (K,) value of 0.962 foot per day
(ft/day) is included in Table F-1 in Appendix F. While the Hvorslev solution is generally intended for confined
aquifers and the Bouwer-Rice solution is generally intended for unconfined aquifers, a study by Brown et al.
(1995) determined that the Hvorslev and Bouwer-Rice solutions are applicable to unconfined and confined
aquifers in many cases. Therefore, although the Columbia aquifer is unconfined at the AOC 6 TNT Subareas,
the overall maximum and minimum Kvalues calculated from the falling- and rising-head test data were
chosen independent of the method used to calculate the Kvalue.

The K values in the Columbia aquifer were estimated to be between 0.130 and 2.234 ft/day. These values
fall within or near the reported range of 0.4 to 8 ft/day for this aquifer (Brockman, et. al., 1997).

Slug test results, by their nature, are limited in their ability to accurately estimate the K of an aquifer, in part
because of impacts from the filter pack placed around the well during installation. They are generally
considered to represent an “order-of-magnitude” level of precision and accuracy in estimating K.

3.5.4 Groundwater Flow

The first encountered groundwater at the AOC 6 TNT Subareas is within the Columbia aquifer, and the
groundwater elevations on August 22, 2014, ranged from 4.38 feet amsl at CAA06-MWO04 to 6.35 feet amsl|
at CAAO6-MWO1 (Table 2-2). The Penniman Lake surface water elevation at staff gauge PL-SGO1 was
measured concurrently with the groundwater elevations at the AOC 6 TNT Subareas monitoring wells. The
surface water elevation at PL-SGO1, at 8.06 amsl, was 1.71 to 3.67 feet above the groundwater elevations,
indicating that Penniman Lake is recharging the surficial aquifer at the AOC 6 TNT Subareas and influencing
the directions of groundwater flow. The groundwater elevation data indicate that the primary groundwater
flow direction at the AOC 6 TNT Subareas is southward, away from Penniman Lake and toward King Creek
(Figure 3-5).

The average hydraulic gradient (I) along the flow path from CAA06-MWO06 to CAA06-MWOS5 is 0.0074. Based
on the average calculated K value of 0.962 ft/day within the Columbia aquifer (Appendix F, Table F-1), an
assumed effective porosity (n) of 0.3, and the average horizontal hydraulic gradient calculated from the
groundwater contour map (0.007), the average lateral groundwater velocity® at the AOC 6 TNT Subareas is
estimated to be 0.022 ft/day.

3.6 Ecological Resources

Terrestrial flora at CAX consists predominantly of woodland species (Baker, 2005). The following three types
of forest are present:

e Pine stands composed primarily of Loblolly and Virginia pines
e Mixed hardwood stands
e Mixed pine and hardwood stands

Elevated areas are the predominant locations of pine stands, while hardwood stands are found on slopes
and in ravines. Native tree species found at CAX include beech, black cherry, red maple, sweet gum, various

4 Average hydraulic gradientwas calculated between monitoring wells CAAO6-MWO03 and CAAO6-MWO05, whereby | (average hydraulic gradient) =
(6.10-5.67 feet)/60 feet =0.007

5 Effective porosity of 0.30 used based on analyses of Cenomanianand Albian Age sands (Upper and Middle Potomac aquifer) in the Norfolk, Virginia,
area (Brown andSilvey, 1997)

6 Average groundwater velocity (ft/day) = (K x 1)/n
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SECTION 3—PHYSICAL CHARACTERISTICS

pines, white ash, and white oak. The woodland’s understory is composed of various seedling trees and vine
species, such as Virginia creeper, briars, and honeysuckle. Ferns are found in many moist, shaded areas.
Ornamental trees and shrubs have been planted in the improved areas and along major roadways. None of
the plant species that occur at CAX are listed on the federal or Commonwealth endangered species lists.

Small, undeveloped tracts of land at CAX support avariety of indigenous wildlife species. Whitetail deer,
beaver, skunk, bobcat, red and gray fox, squirrel, raccoon, opossum, and rabbit are present. Game birds,
such as wild turkey, quail, duck, and pheasant, are also resident. Songbirds common to the eastern Virginia
area are in abundance at CAX, along with a raptor population consisting of small hawks, owls, and osprey.
Carrion-feeding birds such as crows and turkey vultures are also common. The southern bald eagle (federally
and state protected) is known to nest nearby at WPNSTA Yorktown. Suitable habitat exists for roosting and
perching at CAX, but only occasional sightings of eagles have been made there.

Wetlands are mainly found along principal tributaries to the York River and along the York River shoreline at
CAX. The following four major marsh types exist along these margins:

e Saltmarsh cordgrass communities
e Big cordgrass communities

e Cattail communities

e Brackish water mixed communities

Freshwater wetlands are also present within the interior, non-tidal areas of the installation. Salinities in the
York River estuary bordering CAX can be characterized as mesohaline (from 15 to 20 parts per thousand),
and can fluctuate depending on seasonal impacts, runoff, and rainfall. Of the 295 fish species known from
the Chesapeake Bay, only 32 are year-round residents. Nursery areas, foraging areas, and spawning ground
attract the remaining species from the Atlantic Ocean and freshwater tributaries each year. In the York
River, resident fish include hogchoker, weakfish, and oyster toadfish. Spot and croaker are common in
nursery and foraging areas in the summer and numerous anadromous and catadromous fish use the area
during migration, including the alewife, American eel, American shad, blueback herring, striped bass, and
white perch. Commercially and recreationally important species from the York River include American shad,
bay anchovy, blue crab, bluefish, croaker, spot, striped bass, summer flounder, and weakfish. The York River
in the vicinity of CAX is a designated crab pot fishery from March through November of each year;
immediately north of CAX is a spawning and nursery ground for blue crabs. Several species of endangered
sea turtles (namely the green, hawksbill, leatherback, loggerhead, and Kemp’s Ridley) are known to feed in
the Chesapeake Bay and occasionally forage in the York River, including the vicinity of CAX, during the
summer.

The York River is designated as Essential Fish Habitat for three species of fish managed by the Mid-Atlantic
Fishery Management Council—summer flounder, bluefish, and butterfish. Though both bluefish and
butterfish use the more open, pelagic waters characteristic of the river, juvenile summer flounder often use
unvegetated, nearshore sandy bottoms and salt marsh creeks as nursery areas. Other species likely to use
salt marsh creeks include anchovies, blue crabs, juveniles of migratory species, hard- and soft-shell clams,
killifish, minnows, mummichogs, oysters, silversides, and weakfish.

No known federally or state-listed endangered or threatened species are currently using CAX habitats.
Suitable habitat exists at CAX for both the red-cockaded woodpecker (federally endangered) and the bald
eagle (formerly federally threatened and still protected by the Bald and Golden Eagle Protection Act and
state threatened/endangered). Bordering the CAX property is the York River, which provides seasonal
habitat for federally and state endangered Kemp’s Ridley sea turtles and federally threatened loggerhead
sea turtles. The shoreline along the York River may also provide habitat for federally threatened piping
plovers. Rare resources and communities identified at CAX in the Virginia Department of Conservation and
Recreation Natural Heritage Program database and the CAX Natural Heritage Inventory include a significant
great blue heron colony, low salt marsh and salt scrub habitats, coastal plain depression ponds, non-riverine
wet hardwood forests, and coastal plain calcareous seepage swamps.
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TABLE 3-1
Slug Test Results

AOC 6 TNT Subareas Remedial Investigation Report

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Hvorslev Bouwer-Rice
Well ID Test Type
K (ft/s) K (ft/day) K (ft/s) K (ft/day)
CAA06-MWO01 FH1 1.36E-05 1.173 9.07E-06 0.784
FH2 9.59E-06 0.829 6.21E-06 0.536
RH1 1.33E-05 1.153 8.38E-06 0.724
RH2 1.12E-05 0.967 8.19E-06 0.707
CAA06-MWO02 FH1 1.34E-05 1.157 9.18E-06 0.793
FH2 2.18E-05 1.880 1.46E-05 1.262
RH1 2.48E-05 2.138 2.04E-05 1.758
RH2 2.06E-05 1.776 1.28E-05 1.107
CAA06-MWO03 FH1 4.56E-06 0.394 3.01E-06 0.260
FH2 6.47E-06 0.559 5.00E-06 0.432
RH1 1.91E-06 0.165 1.51E-06 0.130
RH2 4.47E-06 0.386 2.97E-06 0.257
CAA06-MWO04 FH1 2.17E-05 1.873 1.45E-05 1.251
FH2 1.84E-05 1.589 1.38E-05 1.192
FH3 9.24E-06 0.798 6.50E-06 0.561
RH1 8.54E-06 0.738 6.52E-06 0.563
CAA06-MWO05 FH1 1.01E-05 0.869 6.36E-06 0.549
FH2 8.82E-06 0.762 5.62E-06 0.485
RH1 1.08E-05 0.931 8.33E-06 0.720
RH2 9.98E-06 0.862 7.10E-06 0.613
CAA06-MWO06 FH1 2.59E-05 2.234 2.02E-05 1.744
FH2 1.52E-05 1.309 1.08E-05 0.937
RH1 1.25E-05 1.076 8.28E-06 0.715
RH2 1.67E-05 1.439 1.19E-05 1.032
Note:

Bold font indicates maximum or minimum K, value
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SECTION 4

Nature and Extent of Contamination

This section presents an evaluation of the nature and extent of contamination within soil and groundwater
at the AOC 6 TNT Subareas. Environmental samples were collected to characterize the vertical and
horizontal extents of contamination in order to determine whether remedial action is warranted at these
subareas.

The conservative screening values used to evaluate the sampling data at the AOC 6 TNT Subareas are the
values presented in the AOC 6 TNT Subareas SAP (CH2M HILL, 2013):

e Soil — USEPA adjusted Residential Soil Regional Screening Levels (RSLs)” (USEPA, 2013) and site-specific
literature-based ecological screening values (ESVs) for plants and soil invertebrates (if soil is within the
first 2 feet of the ground surface)

e Groundwater — USEPA adjusted Tapwater RSLs8 (USEPA, 2013) and the federal maximum contaminant
levels (MCLs)

The background screening values used to evaluate the soil and groundwater sampling data are the surface
and subsurface soil background 95 percent upper tolerance limits (UTLs) (CH2M HILL, 2011) and
groundwater concentrations from monitoring wells CAA06-MWO01 and CAA06-MWO062, respectively. Since
CAX background concentrations for groundwater are not available for the Columbia aquifer,
background/upgradient groundwater quality for CERCLA sites overlying the Columbia aquifer was evaluated
on a site-specific basis in accordance with the Final Background Study Work Plan, Naval Weapons Station
Yorktown, Yorktown, Virginia and Cheatham Annex, Williamsburg, Virginia (CH2M HILL, 2009). Monitoring
wells CAA0O6-MWO01 and CAA06-MWO06 are located upgradient of where historic site activities occurred at
the AOC 6 TNT subareas; therefore, the groundwater analytical data from these two monitoring wells best
represent groundwater background conditions.

Independent of any comparison to background concentrations, all data that exceed conservative screening
values are included in the assessments of potential risks to human health and/or ecological receptors. The
guantitative assessments of risks to human health and ecological receptors are included in Sections 5 and 6
of this report, respectively.

This evaluation includes data collected in 2008 during the recent Sl field activities (CH2M HILL, 2012) and
this RI. The results from a total of 21 discrete surface soil samples, one three-point composite surface soil
sample, 21 discrete subsurface soil samples, one three-point composite subsurface soil sample, and six
groundwater samples that were collected from the AOC 6 TNT Subareas were used for this evaluation (Table
2-1). Four DPT groundwater samples were also collected during the 2012 Sl and the analytical data were
used to site the six monitoring wells installed during the RI. However, since the DPT groundwater samples
were collected from temporary monitoring wells, the data may not be representative of current
groundwater concentrations; consequently, these data were not evaluated in the Rl and the monitoring well
sampling data were used instead. Additionally, the surface water and sediment data from the 2012 SI (from
Penniman Lake) were not evaluated as part of this Rl since no potential human health or ecological risks
were identified; in addition, these media are being assessed as part of the Penniman Lake SI. Laboratory

7 The RSLs for those constituents that pose potential cancer risks were not adjusted, while the RSLs for noncarcinogens were adjusted by dividing by
10 to account for multiple chemicals contributing to potential noncancer risks.

8 Adjusted to account for exposure to multiple constituents with the same target organ or target effect.

9 cax background concentrations for groundwater are not available for the Columbia aquifer; therefore, groundwater concentrations in the site-
specific upgradient monitoring wells CAA0O6-MWO01 and CAA06-MWO06 were used for comparison purposes during the risk assessments.
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AOC 6 TNT SUBAREAS REMEDIAL INVESTIGATION REPORT

analytical results used in this evaluation for the AOC 6 TNT Subareas are summarized by medium and
analyte class in Tables 4-1 through 4-3. Laboratory analytical reports are included in Appendix G.

4.1 Soil

A total of 21 discrete and one three-point composite surface soil samples (Table 4-1) and 21 discrete and
one three-point composite subsurface soil samples (Table 4-2) were collected from and around the AOC 6
TNT Subareas during the 2012 Sl and the Rl and the results evaluated to determine the nature and extent of
site-related contamination (Figure 4-1):

e Surface and subsurface soil samples collected in the vicinity of the AOC 6 TNT Subareas to provide
expanded spatial coverage to adequately characterize this medium

e Surface and subsurface soil samples collected from areas with elevated chromium concentrations during
the SI

e three-point composite surface and subsurface soil samples collected from the surface depression at the
AOC 6 TNT Catch Box Ruins to account for the potential variability of contaminant concentrations within
this area and to address the potential for soil contamination above the water table

During the 2012 SI, soil samples were analyzed for SVOCs, explosive constituents, total inorganic
constituents, cyanide, pH and TOC. Based on the results of the SI, soil samples collected during the Rl were
analyzed only for those constituent groups determined to be potentially site-related based on earlier results
(explosive constituents19 and total inorganic constituents). In addition, the soil samples collected during the
Rl were analyzed for pH, TOC, and grain size (surface soil samples only) to supplement the ERA, and two
discrete, co-located surface and subsurface soil samples were analyzed for total and hexavalent chromium
to supplement the HHRA.

4.1.1 Organic Compounds
4.1.1.1 SVOCs

The SVOC 2,4-DNT, was detected in surface and subsurface soil within the center of the TNT Catch Box Ruins
at a concentration exceeding the adjusted residential RSL; the 2,4-DNT concentration also exceeded the ESV
in subsurface soil (Figure 4-2 and Figure 4-3). The 2,4-DNT concentration exceeded the residential RSL
(1,600 micrograms per kilogram [ug/kg]) in discrete surface soil sample CAA06-SS01-1008 at an estimated
concentration of 6,300 L pug/kg in 2008. However, it was not detected in the three-point composite surface
soil sample (CAA06-SO26-000H-0913) collected from the center area of the TNT Catch Box Ruins during the
RI. The concentration of 2,4-DNT at the center of the TNT Catch Box Ruins exceeded the adjusted residential
RSL during the 2012 Sl in discrete subsurface soil sample CAA06-SB01-1008 (1,700 pg/kg) and the adjusted
residential RSL and ESV during the Rl in the three-point composite subsurface soil sample CAA06-S026-
0H02-0913 (12,000 pg/kg).

The 2,4-DNT constituent is a synthetic substance used in the production of TNT (ATSDR, 2013). Since the TNT
Catch Box was used to separate TNT particles from wastewater, the 2,4-DNT detection is a CERCLA-
regulated release likely attributable to historical activities at this subarea. The three-point composite
subsurface soil sample CAA06-SO26-0H02-0913 was collected at the center of the TNT Catch Box Ruins and
at two locations 18 inches from the center point, as well as directly above the water table. Since 2,4-DNT
was not detected at concentrations exceeding screening criteria in any other subsurface soil samples, the
horizontal and vertical extents of 2,4-DNT contamination in soil have been delineated at the AOC 6 TNT
Subareas.

10 The constituent 2,4-DNT was the only SVOC that exceeded riskscreeningcriteriainthe2012 Sl soil samples and the exceedances occurred at only
one samplelocation (CAA06-SO01). It was included as a constituent in the explosives analysis during the Rl. However, to maintain consistency during
reporting, the 2,4-DNT analyticalresults arelisted under the SVOC compounds in Tables 4-1 and 4-2 sincethis is where this compound was listed
duringthe recent SI.
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SECTION 4—NATURE AND EXTENT OF CONTAMINATION

4.1.1.2 Explosive Constituents

Five explosive constituents in surface soil and three explosive constituents in subsurface soil were detected
at the AOC 6 TNT Subareas at concentrations exceeding their respective adjusted residential soil RSL, and in
some samples, also the ESV (Figure 4-2 and Figure 4-3).

e Insurface soil, the concentrations of 1,3-dinitrobenzene, 2,4,6-trinitrotoluene (TNT), 2-amino-4,6-DNT,
2-nitrotoluene, and 4-amino-2,6-DNT exceeded the adjusted residential RSL in at least seven samples,
and TNT concentrations exceeded the ESV in at least six samples.

— The maximum-detected concentrations of 1,3-dinitrobenzene (2,500 pg/kg ) and TNT (14,000,000
ug/kg) were detected in the three-point composite sample CAA06-S026-000H-0913; the maximum-
detected concentrations of 2-amino-4,6-DNT (16,000 J pg/kg), 2-nitrotoluene (48,000 J pg/kg), and
4-amino-2,6-DNT (17,000 pg/kg) were detected in sample CAA06-SS02-1008.

e |nsubsurface soil, the concentrations of 1,3-dinitrobenzene, TNT, and 4-amino-2,6-DNT exceeded the
adjusted residential RSL in at least six samples, and TNT concentrations exceeded the ESV in at least five
samples.

— The maximum-detected concentrations of TNT (9,300,000 pg/kg), 1,3-dinitrobenzene (1,600 J
pg/kg), and 4-amino-2,6-DNT (30,000 pg/kg) were detected in samples CAA06-S026-0H02-0913 (a
three-point composite sample), CAA06-SB01-1008, and CAA06-SB13-1108, respectively.

All of the detections of explosive constituents exceeding screening criteria in surface and subsurface soil
were located in the vicinity of the TNT Catch Box Ruins or immediately southeast of the former TNT Graining
House, and are attributable to historical activities at these subareas (Figure 4-2 and Figure 4-3).

4.1.2 Inorganic Constituents

Eight inorganic constituents in surface soil (Figure 4-2) and nine inorganic constituents in subsurface soil
(Figure 4-3) were detected at the AOC 6 TNT Subareas at concentrations exceeding their respective adjusted
residential RSL and/or ESV.

e |nsurface soil, aluminum, arsenic, chromium, cobalt, iron, lead, thallium, and vanadium concentrations
exceeded the adjusted residential RSL or ESV in at least one sample. These detected concentrations also
exceeded their respective Base background 95 percent UTL at one or more sample locations, except for
thallium, which does not have a 95 percent UTL.

— Arsenic concentrations in surface soil were detected above the adjusted residential RSL
(0.61 milligram per kilogram [mg/kg]) (but not the ESV) and Base background 95 percent UTL (6.36
mg/kg) in two of the 20 surface soil samples analyzed for inorganic constituents (CAA06-SS01-1008
and CAA06-S503-1008).

— Aluminum, chromium, and vanadium concentrations exceeding the 95 percent UTLs were only
detected in one out of 20 surface soil samples (CAA06-5S03-1008). Lead concentrations exceeding
the 95 percent UTL were only detected in two out of 20 surface soil samples (CAA06-S501-1008 and
three-point composite sample CAA06-SO26-000H-0913). Iron concentrations exceeding the 95
percent UTL were only detected in three out of 20 surface soil samples (CAA06-5501-1008, CAAQ6-
$S03-1008, and three-point composite sample CAA06-SO26-000H-0913).

— Thallium concentrations in surface soil were detected above the adjusted residential RSL (0.078
mg/kg) in 11 of 20 surface soil samples.

e |nsubsurface soil, aluminum, arsenic, hexavalent chromium, chromium, cobalt, iron, lead, thallium, and
vanadium concentrations exceeded the adjusted residential RSL or ESV in at least one sample. In
addition, these detected concentrations also exceeded their respective Base background 95 percent UTL
in at least one sample location, except for hexavalent chromium and thallium, neither of which have a
95 percent UTL.
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— Arsenic concentrations in subsurface soil were detected above the adjusted residential RSL
(0.61 mg/kg) and Base background 95 percent UTL (5.54 mg/kg) in six of the 20 subsurface soil
samples analyzed forinorganic constituents. The maximum concentration of 20.9 J mg/kg was
detected in sample CAA06-SB01-1008, where this concentration also exceeded the ESV.

— lron, lead, and vanadium concentrations exceeding the 95 percent UTLs were only detected in one
out of the 20 subsurface soil samples. Chromium concentrations exceeding the 95 percent UTLs
were only detected in two out of 20 subsurface soil samples (CAA06-SB01-1008 and CAA06-SB03-
1008). Aluminum concentrations exceeding the 95 percent UTLs were only detected in five out of 20
subsurface soil samples CAA06-SB36-0H02-0913, CAA06-SB02-1008, CAA06-SB03-1008, CAA06-
SB13-1108, and CAA06-SB31-0H02-0913).

— Hexavalent chromium concentrations in subsurface soil were detected above the adjusted
residential RSL (0.3 mg/kg) at 0.31 J mg/kg and 0.94 mg/kg in two out of two subsurface soil
samples, CAA06-SB26P-0H02-0913 and CAA06-SB27-0H02-0913, respectively.

— Thallium concentrations in surface soil were detected above the adjusted residential RSL (0.078
mg/kg) in 12 of 20 subsurface soil samples.

The detections of inorganic constituents exceeding screening criteria in surface and subsurface soil were
distributed throughout the AOC 6 TNT Subareas and are not concentrated within the TNT Catch Box Ruins or
immediately southeast of the former TNT Graining House (Figure 4-2 and Figure 4-3).

4.2 Groundwater

A total of six groundwater samples (CAA06-GWO01 through CAA06-GWO06) were collected from the AOC 6
TNT Subareas (Table 4-3) during the Rl to evaluate groundwater conditions and to assess the potential for
human health or environmental risks associated with this medium (Figure 4-4). Four DPT groundwater
samples were also collected during the 2012 SI, analyzed for SVOCs, total and dissolved inorganic
constituents, cyanide, and explosives, and the analytical data were used to site the six Rl monitoring well
locations. However, since the Sl groundwater samples were collected from temporary monitoring wells, the
DPT data may not be representative of current groundwater concentrations; consequently, these data were
not evaluated in the RI. During the RI, groundwater samples were collected from the newly installed
permanent monitoring wells and analyzed for potentially site-related contaminants based on earlier results
(total/dissolved inorganic constituents) and monitored natural attenuation parameters (pH, alkalinity,
chloride, nitrate, nitrite, sulfate, sulfide, TOC, ferrous iron, and DO).

A summary of the groundwater sampling results is presented as follows; a discussion of the results and
significance of each natural attenuation parameter and more details regarding aquifer geochemical
conditions within groundwater are presented in Section 7.

4.2.1 General Groundwater Geochemistry

Measurements of DO, ORP, pH, temperature, conductivity, and turbidity were collected at each monitoring
well following purging and immediately prior to sampling (Table 2-3). The DO readings collected during
purging activities, which provide an indication of the potential for aerobic or anaerobic biodegradation,
ranged between 0.0 milligram per liter (mg/L) and 1.32 mg/L. Temperature readings ranged between 18.91
degrees Celsius (°C) and 21.86°C. The ORP values, which indicate the potential for redox conditions in
groundwater, ranged between -179.1 millivolts (mV) and -53.0 mV, and pH values were generally close to
neutral, ranging between 6.33 and 6.84. Conductivity values, which provide an indication of the
concentration of total dissolved solids within groundwater, ranged between 0.231 milliSiemen per
centimeter (mS/cm) and 0.448 mS/cm, which are indicative of freshwater conditions. Further details
regarding groundwater geochemistry and its applicability to contaminant fate and transport are discussed in
Section 7.1.7.
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SECTION 4—NATURE AND EXTENT OF CONTAMINATION

4.2.2 Inorganic Constituents

Five total inorganic constituents and four dissolved inorganic constituents were detected at concentrations
exceeding either the adjusted Tapwater RSL or federal MCL (Figure 4-4). Since the surficial aquifer
underlying the AOC 6 TNT Subareas is the Columbia aquifer, and CAX background concentrations for
groundwater are not available for this aquifer, groundwater concentrations in the site-specific upgradient
monitoring wells CAAO6-MWO01 and CAA06-MWO06 were used for comparison purposes.

Total and dissolved arsenic exceeded the MCL and adjusted Tapwater RSL in five groundwater samples;
however, all of the concentrations in monitoring wells within the study area boundary were below those
detected in reference monitoring well CAA06-MWO06, which is upgradient of the AOC 6 TNT Subareas.
The arsenic concentrations were also higher compared to monitoring well CAA06-MWO03, which is also
upgradient of the former TNT Graining House, Sump, and Catch Box Ruins since Penniman Lake was
found to be recharging the surficial aquifer during the RI. Arsenic concentrations in groundwater at the
AOC 6 TNT Subareas appear to be representative of naturally occurring conditions, as arsenic
concentrations are typically elevated in the shallow coastal plain of southeast Virginia due to the aquifer
composition and geochemical conditions. Arsenic is commonly adsorbed to, or co-precipitated with, iron
and manganese oxides, adsorbed to clay mineral surfaces, and associated with sulfide minerals. Natural
dissolving or desorbing of arsenic from these source materials releases arsenic to groundwater. In
addition, the U.S. Geological Survey (USGS) has collected and analyzed arsenic in potable (drinkable)
water from 18,850 wells in 595 counties across the United States during the past two decades, and
naturally occurring arsenic concentrations in southeast Virginia are typically detected above the MCL
(USGS, 2000).

Total cyanide was detected at a concentration exceeding the adjusted Tapwater RSL in only one sample
(CAA06-GWO05-1013); however, this concentration likely represents elevated suspended solids within
the sample since this inorganic constituent was not detected within the corresponding dissolved sample.

Total and dissolved cobalt concentrations exceeded the adjusted Tapwater RSL (0.6 microgram per liter
[ug/L]) in the five of the six groundwater samples. However, the maximum total and dissolved
concentrations of 8.7 ug/L were detected in reference groundwater sample CAAO6-GW01P-1013,
upgradient of the AOC 6 TNT Subareas. These concentrations are likely attributable to naturally
occurring background conditions.

Total iron and manganese concentrations exceeded their respective adjusted Tapwater RSLs in each of
the six groundwater samples. The maximum concentrations of total and dissolved iron detected in
sample CAA06-GW02-1013 exceeded the respective concentrations detected in groundwater from
reference wells CAA06-MWO01 and CAA06-MWO06, but were not significantly higher than the
concentrations in reference well CAA06-MWO06 and upgradient monitoring well CAAO6-MWO03. The
concentrations of iron in groundwater are likely attributable to naturally occurring background
conditions. With respect to total and dissolved manganese in groundwater samples, detected
concentrations did not exceed those detected in groundwater in reference well CAA0O6-MWO1. Similar
to iron, manganese concentrations in groundwater are also likely attributable to naturally occurring,
background conditions.

Iron and manganese concentrations are typically elevated in groundwater of the shallow coastal plain of
southeast Virginia due to the aquifer composition and geochemical conditions. Iron oxides can be
variable within soil as a result of chemical weathering. The ORP and DO values listed in Table 2-3 suggest
a more reducing environment at the AOC 6 subareas. Under these conditions, iron hydroxides and
manganese oxides present in the soil matrix can reductively dissolve into soluble forms as evidenced by
elevated iron and manganese concentrations within groundwater.
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TABLE 4-1

Surface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID o CAA06-MWO1 CAAO6-MWO02 CAAO6-MWO03 CAAO6-MW04 CAA06-MWO5 CAA06-S001
Sample ID CAX 95% UTL BKG SS RSLs T:;S:t'::' soil Esv CAAD6-5534-0913 | CAA06-5535-0913 | CAAD6-5S35P-0913 | CAAD6-5S36-0913 | CAA06-5S37-0913 | CAA06-5538-0913 | CAA06-SS01-1008
(May 2014)
Sample Date 09/17/13 09/17/13 09/17/13 09/17/13 09/17/13 09/17/13 10/20/08
Chemical Name
Semivolatile Organic Compounds (pg/kg)
2,4-Dinitrotoluene - 1,700 11,000 220U 270 U 270 U 1,400 390 U 400 J 6,300 L
Benzaldehyde -- 780,000 58,400 NA NA NA NA NA NA 320
[[Benzo(a)anthracene - 150 HMW PAH NA NA NA NA NA NA 110 J
[[lchrysene ~ 15,000 HMW PAH NA NA NA NA NA NA 150 J
[[Fluoranthene ~ 230,000 LMW PAH NA NA NA NA NA NA 300 J
[lPyrene - 170,000 HMW PAH NA NA NA NA NA NA 580 J
[[HMW PAH Total ~ - 18,000 NA NA NA NA NA NA 2,070 )
[[LMW PAH Total ~ - 29,000 NA NA NA NA NA NA 1,940 J
(
Explosives (pug/kg)
1,3,5-Trinitrobenzene - 220,000 - 220U 270 U 270 U 220 U 39 U 400 ) 620 K
1,3-Dinitrobenzene - 620 - 220U 270 U 270 U 220 U 390 U 220 U 730 J
2,4,6-Trinitrotoluene - 3,600 10,000 220U 270 U 270 U 910,000 390 U 720,000 4,500,000
2-Amino-4,6-dinitrotoluene - 15,000 80,000 220U 270 U 270 U 7,100 390 U 220 U 100 UJ
2-Nitrotoluene - 3,200 - 220U 270 U 270 U 220 U 390 U 220 U 40,000 R
3,5-Dinitroaniline - - - 220U 270 U 270 U 220 U 390 U 220 U 100 U
4-Amino-2,6-dinitrotoluene - 15,000 80,000 220U 270 U 270 U 4,500 390 U 13,000 20,000 R
RDX - 6,000 10,000 220U 270 U 270 U 220 U 390 U 220 U 220
Tetryl - 12,000 10,000 220U 270 U 270 U 220 U 390 U 220 U 640
Total Metals (mg/kg)
Aluminum 12,200 7,700 pH<5.5 3,600 7,600 8,500 6,900 2,700 5,200 10,600
Antimony - 3.1 78 0.097 B 02 B 0.2 B 036 0.16 B 0.62 14 UL
Arsenic 636 0.67 18 17 5.2 5.2 3.1 1.6 2.2 8.1
Barium 52.9 1,500 330 22 18 20 26 9.4 17 31
[[Beryllium 0.587 16 40 0.37 0.44 ) 034 0.2 0.092 J 0.24 034
[lcadmium - 7 32 0.033 J 0.033 J 0.031J 0.061 0.021J 0.042 J 0.06 J
[Icalcium 2,290 - - 230 270 280 430 330 220 2,260
[lchromium 18.2 0.3 64 5.5 11 12 8.5 K 3.6 6.4 16.8 L
[[cobalt 9.93 23 13 3 24 26 25 0.57 1.7 36
[lcopper 4.25 310 70 1.5 2.5 2.7 13 K 1.2 2.5 9.8
[[cyanide - 2.1 15.8 0.066 J 0.047 J 0.044 J 0.19 B 0.13 0.47 0.6 U
[[iron 19,900 5,500 pH<5 or pH>8 3,800 12,000 14,000 8,500 3,900 6,200 37,100 J
[|Lead 17.4 400 120 16 10 11 34 16 170 580 J
[[Magnesium 1,070 - - 270 580 640 680 200 390 896
[[Manganese 324 180 220 51 36 36 62 12 31 175
[IMercury 0.111 2.3 0.1 0.038 B 0.05 0.045 B 0.089 0.062 0.084 0.13 L
[INickel 9.52 150 38 3 4 43 3.8 K 1.6 3.8 10.1
Potassium 708 - - 190 590 680 350 180 310 719
Selenium 0.51 39 0.52 0.14 B 0.2 0.19 0.2 0.24 B 0.32 21
Silver - 39 560 0.026 J 0.021 J 0.022 ) 0.026 J 0.022 ) 0.055 23U
Sodium 521 - - 7.2 B 12 B 12 B 15 B 13 B 10 B 68 )
Thallium - 0.078 1 0.063 0.094 0.1 0.083 0.058 0.09 57U
Vanadium 27.9 39 130 7.6 20 23 18 12 14 26.6
Zinc 26.5 2,300 120 15 B 14 17 29 7.1 17 96.7
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TABLE 4-1

Surface Soil Data Exceedance Results
AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID d | | CAA06-MWO01 CAA06-MWO02 CAA06-MWO03 CAA06-MWO04 CAA06-MWO05 CAA06-SO01
RSLs Residential Soi
S le ID CAA06-5534-0913 CAA06-5535-0913 CAA06-SS35P-0913 CAA06-5536-0913 CAA06-5537-0913 CAA06-5538-0913 CAA06-5501-1008
amp’e CAX 95% UTL BKG SS Adjusted ESV
(May 2014)
ample Date

S leD 09/17/13 09/17/13 09/17/13 09/17/13 09/17/13 09/17/13 10/20/08
Wet Chemistry

pH (ph) - - - 5.4 5.1 NA 4.6 4.1 4.4 4.6
Total organic carbon (TOC) (mg/kg) - - - 8,000 12,000 NA 17,000 65,000 20,000 120,000 J
||Grain Size (pct)

Coarse Sand (%) - - - 0.3 3.9 NA 2.6 0.9 14 NA
[[Fine Sand (%) - - - 51.4 43.4 NA 50 56.1 54.5 NA
Fines (%) - - - 15.2 8.7 NA 16.3 223 19.4 NA
Gravel (%) - - - 0.1 0.3 NA 0.9 11 0.4 NA
Medium Sand (%) -- - - 33 43.7 NA 30.2 19.6 24.3 NA
(

GRAINSIZE (PCT/P)

GS07 Sieve 1" (25.0 mm) -- - - 100 100 NA 100 100 100 NA
GS08 Sieve 0.75" (19.0 mm) -- - - 100 100 NA 100 100 100 NA
GS10 Sieve 0.375" (9.5 mm) -- - - 100 100 NA 100 100 100 NA
Sieve No. 004 (4.75 mm) -- - - 99.9 99.7 NA 99.1 98.9 99.6 NA
Sieve No. 010 (2.00 mm) -- - - 99.6 95.8 NA 96.5 98 98.2 NA
Sieve No. 020 (850 um) -- - - 94.8 80.1 NA 87.7 94.3 92.7 NA
Sieve No. 040 (425 um) - - - 66.6 52.1 NA 66.3 78.4 73.9 NA
Sieve No. 060 (250 um) - - - 38.4 30.4 NA 42.8 55.6 50.7 NA
Sieve No. 080 (180 um) -- - - 29.7 22.1 NA 32.8 42.8 38.8 NA
Sieve No. 100 (150 um) - - - 26.4 18.8 NA 28.9 37.5 34.2 NA
Sieve No. 200 (75 um) - - - 15.2 8.7 NA 16.3 22.3 19.4 NA

Notes:

Bold text indicates exceedance of CAX 95% UTL BKG SS

Shading indicates exceedance of CLEAN RSLs Residential Soil Adjusted (May 2014)
Underline indicates exceedance of ESV

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

13-point composite surface soil sample

NA - Not analyzed

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
R - Rejected Result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

UL - Analyte not detected, quantitation limit is probably higher

mg/kg - Milligrams per kilogram

pct - Percent

PCT/P - Percent Pass

ph - pH units

ug/kg - Micrograms per kilogram
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TABLE 4-1

Surface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID o CAA06-S002 CAA06-S003 CAA06-S004 CAA06-S007 CAA06-S008 CAA06-S013
Sample ID CAX 95% UTL BKG SS RSLs T:j'::t'::' soil Esv CAA06-S502-1008 | CAA06-5503-1008 | CAA06-5S04-1008 | CAA06-S507-1108 | CAA06-5508-1108 | CAA06-SS13-1108
(May 2014)
Sample Date 10/21/08 10/21/08 10/21/08 11/05/08 11/06/08 11/06/08
Chemical Name
Semivolatile Organic Compounds (pg/kg)
2,4-Dinitrotoluene - 1,700 11,000 140 J 380 U 380 U 460 U 99 U 290
Benzaldehyde - 780,000 58,400 380 U 380 U 380 U 460 U 430 U 370 U
[[Benzo(a)anthracene - 150 HMW PAH 380 U 380 U 380 U 460 U 430 U 370 U
[[lchrysene ~ 15,000 HMW PAH 380 U 380 U 380 U 460 U 430 U 370 U
[[Fluoranthene ~ 230,000 LMW PAH 380 U 380 U 380 U 460 U 430 U 370 U
[lPyrene - 170,000 HMW PAH 380 U 380 U 380 U 460 U 430 U 370 U
[[HMW PAH Total - - 18,000 1,710 U 1,710 U 1,710 U 2,070 U 1,935 U 1,665 U
LMW PAH Total - - 29,000 1,710 U 1,710 U 1,710 U 2,070 U 1,935 U 1,665 U
II
Explosives (ng/kg)
1,3,5-Trinitrobenzene - 220,000 - 250 100 U 100 U 100 U 99 U 1,100
1,3-Dinitrobenzene - 620 - 84 ) 100 UJ 100 U 100 U 99 U 290
2,4,6-Trinitrotoluene - 3,600 10,000 320,000 6,600 170 100 U 99 U 51,000
2-Amino-4,6-dinitrotoluene - 15,000 80,000 16,000 J 1,400 J 100 U 100 U 99 U 15,000
2-Nitrotoluene - 3,200 - 48,000 J 200 UJ 200 U 200 U 200 U 200 U
3,5-Dinitroaniline - - - 100 U 100 U 100 U 100 U 99 UJ 890
4-Amino-2,6-dinitrotoluene - 15,000 80,000 17,000 1,400 100 U 100 U 99 U 14,000
RDX - 6,000 10,000 200 U 200 U 200 U 200 U 200 U 200 U
Tetryl - 12,000 10,000 200 U 200 U 200 U 200 U 200 U 200 U
Total Metals (mg/kg)
Aluminum 12,200 7,700 pH<5.5 10,400 25,000 9,630 5,230 6,780 11,400
Antimony - 3.1 78 4.1 UL 0.21L 0.1l 4.5 UL 7.4 UL 4 UL
Arsenic 636 0.67 18 35 11.8J 36 271 331L 5L
Barium 52.9 1,500 330 22.9 45.7 18.8 J 21.2 18.3 K 25.2 K
[[Beryllium 0.587 16 40 036 0.55 0.29 ) 0.4 0.26 J 039
[lcadmium - 7 32 0.09 ) 012 0.04 ) 038 U 0.05 B 0.02 B
[Icalcium 2,290 - - 748 1,980 1,210 304 ) 869 415
[lchromium 18.2 0.3 64 1251 347 L 162 L 6.1 8.6 13.9
[[cobalt 9.93 23 13 22 3.4 1.9 26 13 24
[lcopper 4.25 310 70 6.7 5.5 3.6 228 48 B 428
[lcyanide ~ 2.1 15.8 0.55 U 0.55 U 05U 07U 0.6 U 13
[[iron 19,900 5,500 pH<5 or pH>8 9,000 J 21,700 J 9,010 J 4,780 6,270 10,300
[|Lead 17.4 400 120 72.9 42.8 ) 9.9 10.8 18.5 101
[[Magnesium 1,070 - - 672 1,270 694 406 468 ) 747
[[Manganese 324 180 220 433 32.8 25.4 50.5 L 309 L 411 L
[IMercury 0.111 2.3 0.1 0.05 L 0.12 UL 0.11 UL 0.15 UL 0.06 L 0.08 L
[INickel 9.52 150 38 6.6 10 48 3.7 4.1) 7
Potassium 708 - - 620 1,520 875 254 ) 438 ) 589 J
Selenium 0.51 39 0.52 038 ) 0.91) 38U 26U 43U 0.38J
Silver - 39 560 0.69 U 0.95 U 11U 0.75 U 12U 0.67 U
Sodium 521 - - 29.5 J 58.7 J 28.6 J 19 B 363 B 27.2 B
Thallium - 0.078 1 1.7 U 0.18 J 27U 19U 31U 0.09 B
Vanadium 27.9 39 130 19.6 50 22.1 10.3 18.1 225
Zinc 26.5 2,300 120 54.9 176 17 12.2 K 18.6 K 25.9 K
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TABLE 4-1

Surface Soil Data Exceedance Results
AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID p | | CAA06-S002 CAA06-SO03 CAA06-S004 CAA06-SO07 CAA06-S008 CAA06-SO13
RSLs Residential Soi
S le ID CAA06-5502-1008 CAA06-5503-1008 CAA06-5504-1008 CAA06-5507-1108 CAA06-5508-1108 CAA06-S513-1108
amp’e CAX 95% UTL BKG SS Adjusted ESV
(May 2014)
ample Date
S leD 10/21/08 10/21/08 10/21/08 11/05/08 11/06/08 11/06/08
[[Wet Chemistry
pH (ph) - - - 6.8 7.1 7.1 5.4 5 5
Total organic carbon (TOC) (mg/kg) - - - 7,300 J 6,200 J 27,000 J 22,000 49,000 30,000
Grain Size (pct)
[[coarse sand (%) - - - NA NA NA NA NA NA
[[Fine Sand (%) - - - NA NA NA NA NA NA
Fines (%) - - - NA NA NA NA NA NA
Gravel (%) - - - NA NA NA NA NA NA
Medium Sand (%) - - - NA NA NA NA NA NA
(
GRAINSIZE (PCT/P)
GS07 Sieve 1" (25.0 mm) - - - NA NA NA NA NA NA
GS08 Sieve 0.75" (19.0 mm) - - - NA NA NA NA NA NA
GS10 Sieve 0.375" (9.5 mm) - - - NA NA NA NA NA NA
Sieve No. 004 (4.75 mm) - - - NA NA NA NA NA NA
Sieve No. 010 (2.00 mm) - - - NA NA NA NA NA NA
Sieve No. 020 (850 um) - - - NA NA NA NA NA NA
Sieve No. 040 (425 um) - - - NA NA NA NA NA NA
Sieve No. 060 (250 um) - - - NA NA NA NA NA NA
Sieve No. 080 (180 um) - - - NA NA NA NA NA NA
Sieve No. 100 (150 um) - - - NA NA NA NA NA NA
Sieve No. 200 (75 um) - - - NA NA NA NA NA NA

Notes:

Bold text indicates exceedance of CAX 95% UTL BKG SS

Shading indicates exceedance of CLEAN RSLs Residential Soil Adjusted (May 2014)
Underline indicates exceedance of ESV

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

13-point composite surface soil sample

NA - Not analyzed

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
R - Rejected Result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

UL - Analyte not detected, quantitation limit is probably higher

mg/kg - Milligrams per kilogram

pct - Percent

PCT/P - Percent Pass

ph - pH units

ug/kg - Micrograms per kilogram
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TABLE 4-1

Surface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID o CAA06-5026 CAA06-5027 CAA06-5028 CAA06-5029
Sample ID CAX 95% UTL BKG SS RSLs Tjj_'j:t'::' soil Esv CAA06-5526-0913 | CAA06-5526P-0913" CAAD6-S026-000H-0913 | CAA06-5527-0913 | CAA06-5528-0913 | CAA06-5529-0913
(May 2014)
Sample Date 09/19/13 09/19/13 09/19/13 09/18/13 09/18/13 09/18/13
Chemical Name
Semivolatile Organic Compounds (pg/kg)
2,4-Dinitrotoluene - 1,700 11,000 NA NA 270 U NA 230 U 220 U
Benzaldehyde -- 780,000 58,400 NA NA NA NA NA NA
[[Benzo(a)anthracene - 150 HMW PAH NA NA NA NA NA NA
[[lchrysene ~ 15,000 HMW PAH NA NA NA NA NA NA
[[Fluoranthene ~ 230,000 LMW PAH NA NA NA NA NA NA
[lPyrene - 170,000 HMW PAH NA NA NA NA NA NA
[[HMW PAH Total ~ - 18,000 NA NA NA NA NA NA
[[LMW PAH Total ~ - 29,000 NA NA NA NA NA NA
II
Explosives (pug/kg)
1,3,5-Trinitrobenzene - 220,000 - NA NA 20,000 NA 230 U 220 U
1,3-Dinitrobenzene - 620 - NA NA 2,500 NA 230 U 220 U
2,4,6-Trinitrotoluene - 3,600 10,000 NA NA 14,000,000 NA 230 U 220U
2-Amino-4,6-dinitrotoluene -- 15,000 80,000 NA NA 270 U NA 230 U 220 U
2-Nitrotoluene - 3,200 - NA NA 270 U NA 230 U 220 U
3,5-Dinitroaniline - - - NA NA 1,600 NA 230 U 220 U
4-Amino-2,6-dinitrotoluene -- 15,000 80,000 NA NA 270 U NA 230 U 220 U
RDX - 6,000 10,000 NA NA 380 J NA 230 U 220U
Tetryl - 12,000 10,000 NA NA 270 U NA 230 U 220U
Total Metals (mg/kg)
Aluminum 12,200 7,700 pH<5.5 NA NA 7,600 NA 12,000 7,600
Antimony -- 3.1 78 NA NA 0.31 NA 0.2 0.23
Arsenic 6.36 0.67 18 NA NA 6.1 NA 6 5.4
Barium 52.9 1,500 330 NA NA 32 NA 27 13
[[Beryllium 0.587 16 40 NA NA 035 NA 0.58 0.4
[lcadmium - 7 32 NA NA 0.29 NA 0.022 ) 0.031 )
[Icalcium 2,290 - - NA NA 4,000 NA 170 140
[lchromium 18.2 0.3 64 20 17 10 13 16 12
[[cobalt 9.93 23 13 NA NA 2.2 NA 25 1.9
[lcopper 4.25 310 70 NA NA 9.5 NA 41 2.8
[lcyanide ~ 2.1 15.8 NA NA 0.57 NA 0.042 B 0.087 J
[[iron 19,900 5,500 pH<5 or pH>8 NA NA 38,000 NA 14,000 14,000
[|Lead 17.4 400 120 NA NA 1,100 NA 12 19
[[Magnesium 1,070 - - NA NA 740 NA 690 560
[[Manganese 324 180 220 NA NA 92 NA 39 31
[IMercury 0.111 2.3 0.1 NA NA 0.13 NA 0.075 0.046 J
[INickel 9.52 150 38 NA NA 6.3 NA 4.9 3.8
Potassium 708 -- -- NA NA 650 NA 490 670
Selenium 0.51 39 0.52 NA NA 0.33 NA 0.28 0.21
Silver - 39 560 NA NA 0.052 NA 0.017 J 0.025 J
Sodium 521 - - NA NA 38 ) NA 15 J 14
Thallium - 0.078 1 NA NA 0.095 NA 0.14 0.086
\Vanadium 27.9 39 130 NA NA 25 NA 27 24
Zinc 26.5 2,300 120 NA NA 120 NA 19 B 16
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TABLE 4-1

Surface Soil Data Exceedance Results
AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID p | | CAA06-S026 CAA06-SO27 CAA06-S028 CAA06-S0O29
RSLs Residential Soi 1
S le ID CAA06-5526-0913 CAA06-S526P-0913 CAA06-S026-000H-0913 CAA06-5527-0913 CAA06-5528-0913 CAA06-5529-0913
amp’e CAX 95% UTL BKG SS Adjusted ESV
(May 2014)
Sample Date 09/19/13 09/19/13 09/19/13 09/18/13 09/18/13 09/18/13
[[Wet Chemistry
pH (ph) - - - NA NA 5.7 NA 4.9 4.8
Total organic carbon (TOC) (mg/kg) - - - NA NA 120,000 NA 15,000 22,000
Grain Size (pct)
"Coarse Sand (%) - - - NA NA 8.2 NA 9.7 2
[[Fine Sand (%) - - - NA NA 42.3 NA 38.7 46.7
Fines (%) - - - NA NA 8.2 NA 11.3 8.4
Gravel (%) - - - NA NA 3.2 NA 0.7 0.5
Medium Sand (%) - - - NA NA 38.1 NA 39.6 42.4
(
GRAINSIZE (PCT/P)
GS07 Sieve 1" (25.0 mm) -- - - NA NA 100 NA 100 100
GS08 Sieve 0.75" (19.0 mm) -- - - NA NA 100 NA 100 100
GS10 Sieve 0.375" (9.5 mm) -- - - NA NA 100 NA 100 100
Sieve No. 004 (4.75 mm) - - - NA NA 96.8 NA 99.3 99.5
Sieve No. 010 (2.00 mm) - - - NA NA 88.6 NA 89.6 97.5
Sieve No. 020 (850 um) - - - NA NA 73 NA 71.5 85.9
Sieve No. 040 (425 um) - - - NA NA 50.5 NA 50 55.1
Sieve No. 060 (250 um) - - - NA NA 30 NA 31.9 30.3
Sieve No. 080 (180 um) - - - NA NA 21.3 NA 23.5 22.3
Sieve No. 100 (150 um) - - - NA NA 17.9 NA 20.2 19.1
Sieve No. 200 (75 um) - - - NA NA 8.2 NA 11.3 8.4

Notes:

Bold text indicates exceedance of CAX 95% UTL BKG SS

Shading indicates exceedance of CLEAN RSLs Residential Soil Adjusted (May 2014)
Underline indicates exceedance of ESV

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

13-point composite surface soil sample

NA - Not analyzed

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
R - Rejected Result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

UL - Analyte not detected, quantitation limit is probably higher

mg/kg - Milligrams per kilogram

pct - Percent

PCT/P - Percent Pass

ph - pH units

ug/kg - Micrograms per kilogram
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TABLE 4-1

Surface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID o CAA06-S030 CAA06-S031 CAA06-5032 CAA06-S033 CAA06-S039
Sample ID CAX 95% UTL BKG SS RSLs T:j'::t'::' soil Esv CAAD6-5530-0913 | CAA06-5531-0913 | CAA06-S532-0913 | CAA06-5533-0913 | CAAD6-S539-0913
(May 2014)
Sample Date 09/18/13 09/18/13 09/18/13 09/18/13 09/17/13
Chemical Name
Semivolatile Organic Compounds (pg/kg)
2,4-Dinitrotoluene - 1,700 11,000 220U 220U 220U 220U 220U
Benzaldehyde -- 780,000 58,400 NA NA NA NA NA
[[Benzo(a)anthracene - 150 HMW PAH NA NA NA NA NA
[[lchrysene ~ 15,000 HMW PAH NA NA NA NA NA
[[Fluoranthene ~ 230,000 LMW PAH NA NA NA NA NA
[lPyrene - 170,000 HMW PAH NA NA NA NA NA
[[HMW PAH Total ~ - 18,000 NA NA NA NA NA
[[LMW PAH Total ~ - 29,000 NA NA NA NA NA
II
Explosives (ng/kg)
1,3,5-Trinitrobenzene - 220,000 - 220 U 220 U 220 U 220 U 220 U
1,3-Dinitrobenzene - 620 - 220 U 220 U 220 U 220 U 220 U
2,4,6-Trinitrotoluene - 3,600 10,000 770 1,900 220U 220U 220U
2-Amino-4,6-dinitrotoluene - 15,000 80,000 870 1,200 220 U 220 U 220 U
2-Nitrotoluene - 3,200 - 220U 220U 220U 220U 220U
3,5-Dinitroaniline - - - 220U 220U 220U 220U 220U
4-Amino-2,6-dinitrotoluene - 15,000 80,000 710 980 220 U 220 U 220 U
RDX - 6,000 10,000 220U 220U 220U 220U 220U
Tetryl - 12,000 10,000 220U 220U 220U 220U 220U
Total Metals (mg/kg)
Aluminum 12,200 7,700 pH<5.5 6,800 4,400 4,200 4,900 3,700
Antimony - 3.1 78 0.16 0.1 0.089 J 0.12 0.15 B
Arsenic 636 0.67 18 2.7 1.2 11 16 1.4
Barium 52.9 1,500 330 15 15 16 20 14
[[Beryllium 0.587 16 40 0.19 0.19 0.28 0.37 0.24
[lcadmium - 7 32 0.017 J 0.018 J 0.032 ) 0.046 J 0.028 J
[Icalcium 2,290 - - 61 170 210 510 180
[lchromium 18.2 0.3 64 8.5 4.4 43 5.3 3.9
[[cobalt 9.93 23 13 1.6 1.1 1.2 1.8 1
[lcopper 4.25 310 70 4.8 1.4 1.2 15 1.3
[lcyanide ~ 2.1 15.8 0.089 J 0.081 ) 0.055 B 0118 0.08 )
[[iron 19,900 5,500 pH<5 or pH>8 8,800 5,300 4,000 5,300 4,000
[|Lead 17.4 400 120 31 110 59 21 18
[[Magnesium 1,070 - - 430 380 340 440 280
[[Manganese 324 180 220 29 16 22 35 17
[IMercury 0.111 2.3 0.1 0.066 0.063 0.057 0.048 J 0.038 B
[INickel 9.52 150 38 3.4 26 2.8 3.6 2.4
Potassium 708 -- -- 310 230 210 240 210
Selenium 0.51 39 0.52 0.11 0.049 J 0.1 0.15 0.14 B
Silver - 39 560 0.021 J 0.029 J 0.019 J 0.026 J 0.028 J
Sodium 521 - - 14 ) 9.7 8.7 11 9.2 B
Thallium - 0.078 1 0.1 0.089 0.081 0.094 0.074
\Vanadium 27.9 39 130 17 12 8.4 12 9.7
Zinc 26.5 2,300 120 17 12 18 B 17 8.3
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TABLE 4-1
Surface Soil Data Exceedance Results
AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID p | | CAA06-SO30 CAA06-SO31 CAA06-S0O32 CAA06-SO33 CAA06-SO39
RSLs Residential Soi
S le ID CAA06-S530-0913 CAA06-5531-0913 CAA06-5532-0913 CAA06-5533-0913 CAA06-5539-0913
amp’e CAX 95% UTL BKG SS Adjusted ESV
(May 2014)

Sample Date 09/18/13 09/18/13 09/18/13 09/18/13 09/17/13

[[Wet Chemistry
pH (ph) - - - 4.4 4.6 5 5.2 4.8
Total organic carbon (TOC) (mg/kg) - - - 10,000 12,000 11,000 25,000 19,000
Grain Size (pct)

HCoarse Sand (%) - - - 1.8 0.3 0.3 1.2 1
Fine Sand (%) - - - 49.6 53 56.1 53.9 56.1
Fines (%) - - - 19.9 26.7 25.7 19.6 21.8
Gravel (%) - - - 1.7 0.1 0.1 2.6 0.4
Medium Sand (%) - - - 27 19.9 17.8 22.7 20.7

(

GRAINSIZE (PCT/P)
GS07 Sieve 1" (25.0 mm) -- - - 100 100 100 100 100
GS08 Sieve 0.75" (19.0 mm) -- - - 100 100 100 100 100
GS10 Sieve 0.375" (9.5 mm) -- - - 100 100 100 100 100
Sieve No. 004 (4.75 mm) -- - - 98.3 99.9 99.9 97.4 99.6
Sieve No. 010 (2.00 mm) -- - - 96.5 99.6 99.6 96.2 98.6
Sieve No. 020 (850 um) - - - 89.4 97 97 91.4 95.1
Sieve No. 040 (425 um) - - - 69.5 79.7 81.8 73.5 77.9
Sieve No. 060 (250 um) - - - 47.5 56.9 59.3 51.4 54.8
Sieve No. 080 (180 um) - - - 37 45,5 46 39.3 42.1
Sieve No. 100 (150 um) -- - - 32.8 40.9 40.9 34.6 37.2
Sieve No. 200 (75 um) - - - 19.9 26.7 25.7 19.6 21.8

Notes:

Bold text indicates exceedance of CAX 95% UTL BKG SS

Shading indicates exceedance of CLEAN RSLs Residential Soil Adjusted (May 2014)
Underline indicates exceedance of ESV

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

13-point composite surface soil sample

NA - Not analyzed

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
R - Rejected Result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

UL - Analyte not detected, quantitation limit is probably higher

mg/kg - Milligrams per kilogram

pct - Percent

PCT/P - Percent Pass

ph - pH units

ug/kg - Micrograms per kilogram
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TABLE 4-2

Subsurface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID CLEAN CAX 95% UTL | CLEAN RSLs Residential Soil CAA06-MWO1 CAA06-MWO02 CAA06-MWO3 CAAO6-MWO04
Sample ID BKG SB Adjusted ESV CAA06-SB34-0H02-0913 CAAD6-SB35-0H02-0913 CAA06-SB35P-0H02-0913 CAA06-SB36-0H02-0913 CAA06-SB37-0H02-0913
Sample Date (May 2014) 09/17/13 09/17/13 09/17/13 09/17/13 09/17/13
Chemical Name

Semivolatile Organic Compounds (pg/kg)

2,4-Dinitrotoluene - 1,700 11,000 210 U 230 U 260 U 700 240 U
2,6-Dinitrotoluene - 360 8,500 210 U 230 U 260 U 250 U 240 U
Explosives (ug/kg)

1,3,5-Trinitrobenzene - 220,000 - 210 U 230 U 260 U 250 U 240 U
1,3-Dinitrobenzene - 620 - 210 U 230 U 260 U 250 U 240 U
2,4,6-Trinitrotoluene - 3,600 10,000 210 U 230 U 260 U 490,000 240 U
2-Amino-4,6-dinitrotoluene - 15,000 80,000 210 U 230 U 260 U 3,200 240 U
3,5-Dinitroaniline - - - 210 U 230 U 260 U 250 U 240 U
4-Amino-2,6-dinitrotoluene - 15,000 80,000 210 U 230U 260 U 2,300 240 U
4-Nitrotoluene - 25,000 - 210 U 230 U 260 U 3,200 240 U
RDX - 6,000 10,000 210 U 230 U 260 U 250 U 240 U
Total Metals (mg/kg)

Aluminum 13,000 7,700 pH<5.5 3,000 11,000 11,000 15,000 9,500
Antimony - 3.1 78 0.07 B 0.15 B 0.14 B 0.21B 0.18 B
Arsenic 5.54 0.67 18 1.4 3.8 3.8 561 5.4
Barium 84.5 1,500 330 19 32 30 29 17
[[Beryllium - 16 40 036 0.48 0.55 0.63 0.25
[lcadmium - 7 32 0.022 J 0.022 0.027 J 0.019 J 0.015 J
[Icalcium 2,380 - - 100 1,000 940 69 170
[lchromium (hexavalent) - 0.3 0.4 NA NA NA NA NA
[lchromium 33.7 0.3 64 4.1 13 11 18 13
[|cobalt 5.18 23 13 2.7 3.6 33 3.2 2
[lcopper 3.17 310 70 0.79 26 2.7 4.1 24
[[cyanide - 2.1 15.8 0.052 U 0.054 U 0.055 U 0.084 L 0.035 J
[[iron 32,000 5,500 pH<5 or pH>8 3,900 12,000 12,000 17,000 12,000
[|Lead 8.79 400 120 4 7.8 7.4 13 L 9.6
[[Magnesium 1,120 - - 270 870 860 830 510
[[Manganese 176 180 220 32 62 55 69 27
[[Mercury - 2.3 0.1 0.02 B 0.044 B 0.049 J 0.055 0.041 B
[[Nickel 17.6 150 38 2.6 6.1 5.7 6.7 4.2
Potassium 901 - - 180 470 440 550 410
Selenium - 39 0.52 0.065 B 0.35 0.33 036 L 0.35
Silver - 39 560 0.014 J 0.02 0.023 J 0.026 J 0.02
Sodium 811 - - 23U 23 B 228 218 16 B
Thallium - 0.078 1 0.054 0.14 0.13 0.17 0.12
Vanadium 48.3 39 130 6.4 23 21 30 22
Zinc 28 2,300 120 8.5 20 B 18 B 27 16




TABLE 4-2

Subsurface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID CLEAN CAX 95% UTL | CLEAN RSLs Residential Soil CAA06-MWO1 CAA06-MW02 CAA06-MWO03 CAA06-MWO04
Sample ID BKG SB Adjusted ESV CAA06-5B34-0H02-0913 CAA06-SB35-0H02-0913 CAA06-SB35P-0H02-0913 CAA06-5B36-0H02-0913 CAA06-SB37-0H02-0913
Sample Date (May 2014) 09/17/13 09/17/13 09/17/13 09/17/13 09/17/13
Wet Chemistry

pH (ph) - - - 5.7 6.4 NA 43 45
Total organic carbon (TOC) (mg/kg) -- -- -- 1,200 4,500 NA 7,700 12,000
Grain Size (pct)
[[coarse sand (%) - - - NA NA NA NA NA
[[Fine Sand (%) - - - NA NA NA NA NA
[[Fines (%) - - - NA NA NA NA NA
[lGravel (%) - - - NA NA NA NA NA
[[Medium sand (%) - - - NA NA NA NA NA
"GRAINSIZE (PCT/P)

GSO7 Sieve 1" (25.0 mm) - - - NA NA NA NA NA
GS08 Sieve 0.75" (19.0 mm) - - - NA NA NA NA NA
G510 Sieve 0.375" (9.5 mm) - - - NA NA NA NA NA
Sieve No. 004 (4.75 mm) - - - NA NA NA NA NA
Sieve No. 010 (2.00 mm) - - - NA NA NA NA NA
Sieve No. 020 (850 um) - - - NA NA NA NA NA
Sieve No. 040 (425 um) - - - NA NA NA NA NA
Sieve No. 060 (250 um) - - - NA NA NA NA NA
Sieve No. 080 (180 um) - - - NA NA NA NA NA
Sieve No. 100 (150 um) - - - NA NA NA NA NA
Sieve No. 200 (75 um) - - - NA NA NA NA NA

Notes:

Bold text indicates exceedance of CAX 95% UTL BKG SB

Shading indicates exceedance of RSLs Residential Soil Adjusted (May 2014)
Underline indicates exceedance of ESV

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

13-point composite subsurface soil sample

NA - Not analyzed

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

UL - Analyte not detected, quantitation limit is probably higher

mg/kg - Milligrams per kilogram

pct - Percent

PCT/P - Percent Pass

ph - pH units

ug/kg - Micrograms per kilogram
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TABLE 4-2

Subsurface Soil Data Exceedance Results
AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID CLEAN CAX 95% UTL | CLEAN RSLs Residential Soil CAA06-MWO05 CAA06-5001 CAA06-5002 CAA06-5003 CAA06-5004 CAA06-5007 CAA06-5008
Sample ID BKG SB Adjusted ESV CAA06-5B38-0H02-0913 CAA06-5B01-1008 | CAA06-SB02-1008 | CAA06-SB03-1008 | CAA06-SB04-1008 | CAA06-SB07-1108 | CAA06-5B08-1108
Sample Date (May 2014) 09/17/13 10/20/08 10/21/08 10/21/08 10/21/08 11/05/08 11/06/08
Chemical Name

Semivolatile Organic Compounds (pg/kg)

2,4-Dinitrotoluene - 1,700 11,000 260 U 1,700 450 U 380 U 360 U 390 U 370 U
2,6-Dinitrotoluene - 360 8,500 260 U 99 U 450 U 380 U 360 U 390 U 370 U
Explosives (ug/kg)

1,3,5-Trinitrobenzene - 220,000 - 260 U 99 U 100 U 100 U 100 U 100 U 100 U
1,3-Dinitrobenzene - 620 - 260 U 1,600 J 100 UJ 28 ) 100 U 100 U 100 U
2,4,6-Trinitrotoluene - 3,600 10,000 80,000 2,700,000 6,700 1,400 100 U 100 U 100 U
2-Amino-4,6-dinitrotoluene - 15,000 80,000 6,200 99 UJ 610 J 650 J 100 U 100 U 100 U
3,5-Dinitroaniline - - - 260 U 99 U 100 U 100 U 100 U 100 U 100 UJ
4-Amino-2,6-dinitrotoluene - 15,000 80,000 7,900 99 U 100 U 340 100 U 100 U 100 U
4-Nitrotoluene - 25,000 - 260 U 200 U 200 U 200 U 200 U 200 U 200 U
RDX - 6,000 10,000 260 U 200 U 200 U 200 U 200 U 200 U 200 U
Total Metals (mg/kg)

Aluminum 13,000 7,700 pH<5.5 7,200 10,400 16,200 23,600 10,400 4,200 9,950
Antimony - 3.1 78 0.72 10 UL 6.8 UL 11 UL 6 UL 4.6 UL 5.8 UL
Arsenic 5.54 0.67 18 2.7 20.9 ) 9.6 J 14.4 ) 6.8 2L 4L
Barium 84.5 1,500 330 21 15.3 J 24.5 35.9 13.5 J 16.4 K 28.8 K
[[Beryllium - 16 40 0.26 0.73 0.4 ) 0.67 0.48 | 0.37 0.34
[lcadmium - 7 32 0.025 J 0.02 J 0.57 U 0.9 U 0.11 J 0.38 U 0.48 U
[Icalcium 2,380 - - 330 578 910 1,340 578 104 | 1,120
[lchromium (hexavalent) - 0.3 0.4 NA NA NA NA NA NA NA
[lchromium 33.7 0.3 64 8.4 344 L 236 L 36.3 L 19.7 L 5.2 12.5
[[cobalt 5.18 2.3 13 2.2 331 3.5 ) 5) 25 2.4 ) 1.8 )
[lcopper 3.17 310 70 1.9 4.3 4.6 8.1 3.9 158 278
[[cyanide - 2.1 15.8 0.21 0.55 U 0.65 U 0.6 U 0.55 U 0.5 U 0.55 U
[[iron 32,000 5,500 pH<5 or pH>8 8,500 34,700 ) 15,400 J 25,700 J 17,800 | 3,460 8,260
[|Lead 8.79 400 120 33 25 ) 10.8 ) 16.6 J 6.9 J 4.1 8.7
[[Magnesium 1,120 - - 490 678 J 933 1,410 776 332 ) 591
[[Manganese 176 180 220 34 108 31 37.4 26.5 31.8 L 369 L
[IMercury - 2.3 0.1 0.07 0.11 UL 0.14 UL 0.11 UL 0.1 UL 0.12 UL 0.086 UL
[INickel 17.6 150 38 4.2 7.2 8.3 17.2 5.6 3.3 5.2
Potassium 901 - - 320 821 984 1,630 1,010 203 | 507 J
Selenium - 39 0.52 0.27 B 14) 0.64 ) 16) 0.62 ) 27U 0.4 )
Silver - 39 560 0.011 J 1.7 U 1.1U 1.8 U 1U 0.77 U 0.96 U
Sodium 811 - - 13 B 29.5 ) 40.9 | 60.6 33.8 | 15.2 B 33.2 B
Thallium - 0.078 1 0.1 42U 2.8 U 45U 0.07 | 19U 0.12 B
Vanadium 48.3 39 130 16 32.6 33.4 54.2 28.3 6.9 19.1
zZinc 28 2,300 120 16 24 24.7 34.6 19.7 7.6 K 16.2 K




TABLE 4-2

Subsurface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID CLEAN CAX 95% UTL | CLEAN RSLs Residential Soil CAA06-MWO5 CAA06-5001 CAA06-5002 CAA06-5003 CAA06-5004 CAA06-S007 CAA06-5008
Sample ID BKG SB Adjusted ESV CAA06-SB38-0H02-0913 CAA06-SB01-1008 | CAA06-SB02-1008 | CAA06-SB03-1008 | CAA06-SB04-1008 | CAA06-SB07-1108 | CAA06-SB0S-1108
Sample Date (May 2014) 09/17/13 10/20/08 10/21/08 10/21/08 10/21/08 11/05/08 11/06/08
Wet Chemistry
pH (ph) - - - 5.2 6 5.7 6.1 6.1 5.8 6.8
Total organic carbon (TOC) (mg/kg) -- -- -- 6,800 2,600 J 3,200 J 2,200 J 2,500 J 4,700 12,000
Grain Size (pct)
[|coarse sand (%) - - - NA NA NA NA NA NA NA
[IFine sand (%) - - - NA NA NA NA NA NA NA
[IFines (%) - - - NA NA NA NA NA NA NA
[lGravel (%) - - - NA NA NA NA NA NA NA
[[Medium sand (%) - - - NA NA NA NA NA NA NA
iiGRAINSIZE (pcT/P)
[|GS07 Sieve 1" (25.0 mm) - - - NA NA NA NA NA NA NA
[|GS08 Sieve 0.75" (19.0 mm) - - - NA NA NA NA NA NA NA
GS10 Sieve 0.375" (9.5 mm) - - - NA NA NA NA NA NA NA
Sieve No. 004 (4.75 mm) - - - NA NA NA NA NA NA NA
Sieve No. 010 (2.00 mm) - - - NA NA NA NA NA NA NA
Sieve No. 020 (850 um) - - - NA NA NA NA NA NA NA
Sieve No. 040 (425 um) - - - NA NA NA NA NA NA NA
Sieve No. 060 (250 um) - - - NA NA NA NA NA NA NA
Sieve No. 080 (180 um) - - - NA NA NA NA NA NA NA
Sieve No. 100 (150 um) - - - NA NA NA NA NA NA NA
Sieve No. 200 (75 um) - - - NA NA NA NA NA NA NA

Notes:

Bold text indicates exceedance of CAX 95% UTL BKG SB

Shading indicates exceedance of RSLs Residential Soil Adjusted (May 2014)
Underline indicates exceedance of ESV

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

13-point composite subsurface soil sample

NA - Not analyzed

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

UL - Analyte not detected, quantitation limit is probably higher

mg/kg - Milligrams per kilogram

pct - Percent

PCT/P - Percent Pass

ph - pH units

ug/kg - Micrograms per kilogram
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TABLE 4-2

Subsurface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID CLEAN CAX 95% UTL | CLEAN RSLs Residential Soil CAA06-5013 CAA06-5026 CAA06-5027
Sample ID BKG SB Adjusted ESV CAA06-SB13-1108 | CAAO6-SB26-0H02-0913 CAAO6-SB26P-0H02-0913 CAA06-5026-0H02-0913" CAA06-SB27-0H02-0913
Sample Date (May 2014) 11/06/08 09/19/13 09/19/13 09/19/13 09/18/13
Chemical Name

Semivolatile Organic Compounds (pg/kg)

2,4-Dinitrotoluene - 1,700 11,000 780 NA NA 12,000 NA
2,6-Dinitrotoluene - 360 8,500 370 U NA NA 280 U NA
Explosives (ug/kg)

1,3,5-Trinitrobenzene - 220,000 - 100 U NA NA 12,000 NA
1,3-Dinitrobenzene - 620 - 290 NA NA 1,500 NA
2,4,6-Trinitrotoluene - 3,600 10,000 660,000 NA NA 9,300,000 NA
2-Amino-4,6-dinitrotoluene - 15,000 80,000 15,000 NA NA 14,000 NA
3,5-Dinitroaniline - - - 550 NA NA 280 U NA
4-Amino-2,6-dinitrotoluene - 15,000 80,000 30,000 NA NA 12,000 NA
4-Nitrotoluene - 25,000 - 200 U NA NA 280 U NA
RDX - 6,000 10,000 200 U NA NA 280 U NA
Total Metals (mg/kg)

Aluminum 13,000 7,700 pH<5.5 13,400 NA NA 6,700 NA
Antimony - 3.1 78 4.2 UL NA NA 0.29 NA
Arsenic 5.54 0.67 18 54l NA NA 10 NA
Barium 84.5 1,500 330 25.4 K NA NA 21 NA
[[Beryllium - 16 40 0.42 NA NA 0.44 NA
[lcadmium - 7 32 035 U NA NA 0.14 NA
[Icalcium 2,380 - - 482 NA NA 1,800 NA
[lchromium (hexavalent) - 0.3 0.4 NA 0.27 J 0.31J NA 0.94
[lchromium 33.7 0.3 64 16.3 21 15 ) 12 18 K
[|cobalt 5.18 23 13 26 NA NA 2.9 NA
[lcopper 3.17 310 70 4.8 B NA NA 6 NA
[[cyanide - 2.1 15.8 0.54 ) NA NA 0.42 NA
[[iron 32,000 5,500 PH<5 or pH>8 11,900 NA NA 31,000 NA
[|Lead 8.79 400 120 35.4 NA NA 470 NA
[[Magnesium 1,120 - - 855 NA NA 610 NA
[[Manganese 176 180 220 39.4 L NA NA 130 NA
[IMercury - 2.3 0.1 0.05 L NA NA 0.058 NA
[INickel 17.6 150 38 7 NA NA 4.5 NA
Potassium 901 - - 687 J NA NA 730 NA
Selenium - 39 0.52 0.41J NA NA 0.18 NA
Silver - 39 560 0.69 U NA NA 0.025 J NA
Sodium 811 - - 25.8 B NA NA 25) NA
Thallium - 0.078 1 0.11 B NA NA 0.092 NA
Vanadium 48.3 39 130 23.9 NA NA 21 NA
Zinc 28 2,300 120 20.8 K NA NA 66 B NA
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TABLE 4-2

Subsurface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID CLEAN CAX 95% UTL | CLEAN RSLs Residential Soil CAA06-5013 CAA06-5026 CAA06-5027
Sample ID BKG SB Adjusted ESV CAA06-SB13-1108 CAA06-SB26-0H02-0913 CAA06-SB26P-0H02-0913 CAA06-S026-0H02-0913" CAA06-5B27-0H02-0913
Sample Date (May 2014) 11/06/08 09/19/13 09/19/13 09/19/13 09/18/13
Wet Chemistry
pH (ph) - - - 53 NA NA 5.7 NA
Total organic carbon (TOC) (mg/kg) -- - - 5,600 NA NA 22,000 NA
Grain Size (pct)
[|coarse sand (%) - - - NA NA NA NA NA
[IFine sand (%) - - - NA NA NA NA NA
[IFines (%) - - - NA NA NA NA NA
[lGravel (%) - - - NA NA NA NA NA
[[Medium sand (%) - - - NA NA NA NA NA
iiGRAINSIZE (PCT/P)
[|GS07 Sieve 1" (25.0 mm) - - - NA NA NA NA NA
[|GS08 Sieve 0.75" (19.0 mm) - - - NA NA NA NA NA
GS10 Sieve 0.375" (9.5 mm) - - - NA NA NA NA NA
Sieve No. 004 (4.75 mm) - - - NA NA NA NA NA
Sieve No. 010 (2.00 mm) - - - NA NA NA NA NA
Sieve No. 020 (850 um) - - - NA NA NA NA NA
Sieve No. 040 (425 um) - - - NA NA NA NA NA
Sieve No. 060 (250 um) - - - NA NA NA NA NA
Sieve No. 080 (180 um) - - - NA NA NA NA NA
Sieve No. 100 (150 um) - - - NA NA NA NA NA
Sieve No. 200 (75 um) - - - NA NA NA NA NA

Notes:

Bold text indicates exceedance of CAX 95% UTL BKG SB

Shading indicates exceedance of RSLs Residential Soil Adjusted (May 2014)
Underline indicates exceedance of ESV

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

13-point composite subsurface soil sample

NA - Not analyzed

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

UL - Analyte not detected, quantitation limit is probably higher

mg/kg - Milligrams per kilogram

pct - Percent

PCT/P - Percent Pass

ph - pH units

ug/kg - Micrograms per kilogram
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TABLE 4-2
Subsurface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID CLEAN CAX 95% UTL | CLEAN RSLs Residential Soil CAA06-5028 CAA06-5029 CAA06-5030 CAA06-S031
Sample ID BKG SB Adjusted ESV CAA06-SB28-0H02-0913 CAAD6-SB29-0H02-0913 CAA06-SB30-0H02-0913 CAA06-SB31-0H02-0913
Sample Date (May 2014) 09/18/13 09/18/13 09/18/13 09/18/13
Chemical Name

Semivolatile Organic Compounds (pg/kg)

2,4-Dinitrotoluene - 1,700 11,000 230U 220 U 220U 220 U
2,6-Dinitrotoluene - 360 8,500 230U 220 U 220U 220 U
Explosives (ug/kg)

1,3,5-Trinitrobenzene - 220,000 - 230U 220 U 220U 220 U
1,3-Dinitrobenzene - 620 - 230U 220 U 220U 220 U
2,4,6-Trinitrotoluene - 3,600 10,000 230U 220 U 220U 1,500
2-Amino-4,6-dinitrotoluene - 15,000 80,000 230U 220 U 220U 4,400
3,5-Dinitroaniline - - - 230U 220 U 220U 220 U
4-Amino-2,6-dinitrotoluene - 15,000 80,000 230U 220 U 220U 2,600
4-Nitrotoluene - 25,000 - 230U 220 U 220U 220 U
RDX - 6,000 10,000 230 U 220 U 220U 220 U
Total Metals (mg/kg)

Aluminum 13,000 7,700 pH<5.5 13,000 9,800 11,000 14,000
Antimony - 3.1 78 0.19 0.22 0.14 0.15
Arsenic 5.54 0.67 18 4.2 5.2 3.6 4.1
Barium 84.5 1,500 330 28 17 24 32
[[Beryllium - 16 40 0.44 0.33 0.53 0.53
[lcadmium - 7 32 0.016 J 0.029 J 0.033 ) 0.034 )
[Icalcium 2,380 - - 270 110 77 400
[lchromium (hexavalent) - 0.3 0.4 NA NA NA NA
[lchromium 33.7 0.3 64 16 14 13 14
[[cobalt 5.18 23 13 2.9 2.5 25 3.7
[lcopper 3.17 310 70 2.6 3.8 2.5 3
[[cyanide - 2.1 15.8 0.055 U 0.052 B 0.038 B 0.077 J
[[iron 32,000 5,500 pH<5 or pH>8 14,000 14,000 13,000 16,000
[|Lead 8.79 400 120 10 34 11 17
[[Magnesium 1,120 - - 740 660 690 930
[[Manganese 176 180 220 30 39 27 69
[IMercury - 2.3 0.1 0.085 0.039 J 0.049 J 0.058
[INickel 17.6 150 38 5.2 4.7 5.1 7.8
Potassium 901 - - 520 600 400 500
Selenium - 39 0.52 0.32 0.21 0.26 0.3
Silver - 39 560 0.015 J 0.029 J 0.018 J 0.021J
Sodium 811 - - 18 J 14 J 13 19 J
Thallium - 0.078 1 0.15 0.12 0.14 0.16
Vanadium 48.3 39 130 27 23 23 28
Zinc 28 2,300 120 18 21 24 30
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TABLE 4-2

Subsurface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID CLEAN CAX 95% UTL | CLEAN RSLs Residential Soil CAA06-5028 CAA06-5029 CAA06-5030 CAA06-5031
Sample ID BKG SB Adjusted ESV CAA06-5B28-0H02-0913 CAA06-5B29-0H02-0913 CAA06-5B30-0H02-0913 CAA06-SB31-0H02-0913
Sample Date (May 2014) 09/18/13 09/18/13 09/18/13 09/18/13
Wet Chemistry
pH (ph) - - - 5.1 4.8 45 5.1
Total organic carbon (TOC) (mg/kg) -- -- -- 4,100 17,000 6,000 5,600
Grain Size (pct)
[|coarse sand (%) - - - NA NA NA NA
[IFine sand (%) - - - NA NA NA NA
[IFines (%) - - - NA NA NA NA
[lGravel (%) - - - NA NA NA NA
[[Medium sand (%) - - - NA NA NA NA
iiGRAINSIZE (PCT/P)
[|GS07 Sieve 1" (25.0 mm) - - - NA NA NA NA
[|GS08 Sieve 0.75" (19.0 mm) - - - NA NA NA NA
GS10 Sieve 0.375" (9.5 mm) - - - NA NA NA NA
Sieve No. 004 (4.75 mm) - - - NA NA NA NA
Sieve No. 010 (2.00 mm) - - - NA NA NA NA
Sieve No. 020 (850 um) - - - NA NA NA NA
Sieve No. 040 (425 um) - - - NA NA NA NA
Sieve No. 060 (250 um) - - - NA NA NA NA
Sieve No. 080 (180 um) - - - NA NA NA NA
Sieve No. 100 (150 um) - - - NA NA NA NA
Sieve No. 200 (75 um) - - - NA NA NA NA

Notes:

Bold text indicates exceedance of CAX 95% UTL BKG SB

Shading indicates exceedance of RSLs Residential Soil Adjusted (May 2014)
Underline indicates exceedance of ESV

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

13-point composite subsurface soil sample

NA - Not analyzed

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

UL - Analyte not detected, quantitation limit is probably higher

mg/kg - Milligrams per kilogram

pct - Percent

PCT/P - Percent Pass

ph - pH units

ug/kg - Micrograms per kilogram
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TABLE 4-2

Subsurface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID CLEAN RSLs Residential Soil CAA06-5032 CAA06-5033 CAA06-5039
CLEAN CAX 95% UTL )
Sample ID BKG SB Adjusted ESV CAA06-SB32-0H02-0913 CAA06-SB33-0H02-0913 CAA06-SB39-0H02-0913
Sample Date (May 2014) 09/18/13 09/18/13 09/17/13
Chemical Name
Semivolatile Organic Compounds (pg/kg)
2,4-Dinitrotoluene - 1,700 11,000 220U 220 U 220U
2,6-Dinitrotoluene - 360 8,500 220U 220 U 220U
Explosives (ug/kg)
1,3,5-Trinitrobenzene - 220,000 - 220U 220 U 220U
1,3-Dinitrobenzene - 620 - 220 U 220 U 220 U
2,4,6-Trinitrotoluene - 3,600 10,000 220U 220 U 220U
2-Amino-4,6-dinitrotoluene - 15,000 80,000 220U 220 U 220U
3,5-Dinitroaniline - - - 220U 220 U 220U
4-Amino-2,6-dinitrotoluene - 15,000 80,000 220U 220 U 220U
4-Nitrotoluene - 25,000 - 220U 220 U 220U
RDX - 6,000 10,000 220U 220 U 220U
Total Metals (mg/kg)
Aluminum 13,000 7,700 pH<5.5 8,600 5,000 9,100
Antimony - 3.1 78 0.11 0.088 0.13 B
Arsenic 5.54 0.67 18 23 15 24
Barium 84.5 1,500 330 20 23 20
[[Beryllium - 16 40 0.28 036 0.37
[lcadmium - 7 32 0.025 J 0.023 J 0.013
[Icalcium 2,380 - - 240 350 110
"Chromium (hexavalent) -- 0.3 0.4 NA NA NA
[lchromium 33.7 0.3 64 9.3 6.1 9.1
[[cobalt 5.18 23 13 2 1.9 2
[lcopper 3.17 310 70 1.5 0.92 1.5
[[cyanide - 2.1 15.8 0.029 B 0.03 B 0.054 U
[[iron 32,000 5,500 pH<5 or pH>8 9,100 4,900 8,600
[|Lead 8.79 400 120 30 11 6.8
[[Magnesium 1,120 - - 570 440 590
[[Manganese 176 180 220 30 31 21
[IMercury - 2.3 0.1 0.052 0.034 J 0.041 B
[INickel 17.6 150 38 4.1 3.7 3.9
Potassium 901 - - 370 240 370
Selenium - 39 0.52 0.17 0.2 0.26
Silver - 39 560 0.015 J 0.015 J 0.018 J
Sodium 811 - - 13 9.6 12 B
Thallium - 0.078 1 0.11 0.11 0.12
Vanadium 48.3 39 130 19 9.9 18
Zinc 28 2,300 120 27 14 14
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TABLE 4-2

Subsurface Soil Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID CLEAN RSLs Residential Soil CAA06-5032 CAA06-5S033 CAA06-5039
CLEAN CAX 95% UTL .
Sample ID BKG SB Adjusted ESV CAA06-SB32-0H02-0913 CAAO06-SB33-0H02-0913 CAA06-SB39-0H02-0913
Sample Date (May 2014) 09/18/13 09/18/13 09/17/13
Wet Chemistry
pH (ph) - - - 5.2 5.4 5
Total organic carbon (TOC) (mg/kg) -- -- -- 5,900 5,900 4,700
Grain Size (pct)
[|coarse sand (%) - - - NA NA NA
[IFine sand (%) - - - NA NA NA
[IFines (%) - - - NA NA NA
[lGravel (%) - - - NA NA NA
[[Medium sand (%) - - - NA NA NA
iiGRAINSIZE (PCT/P)
[|GS07 Sieve 1" (25.0 mm) - - - NA NA NA
[|GS08 Sieve 0.75" (19.0 mm) - - - NA NA NA
GS10 Sieve 0.375" (9.5 mm) - - - NA NA NA
Sieve No. 004 (4.75 mm) -- - - NA NA NA
Sieve No. 010 (2.00 mm) -- - - NA NA NA
Sieve No. 020 (850 um) -- - - NA NA NA
Sieve No. 040 (425 um) -- - - NA NA NA
Sieve No. 060 (250 um) -- - - NA NA NA
Sieve No. 080 (180 um) -- - - NA NA NA
Sieve No. 100 (150 um) -- - - NA NA NA
Sieve No. 200 (75 um) -- - - NA NA NA

Notes:

Bold text indicates exceedance of CAX 95% UTL BKG SB

Shading indicates exceedance of RSLs Residential Soil Adjusted (May 2014)
Underline indicates exceedance of ESV

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

13-point composite subsurface soil sample

NA - Not analyzed

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

UL - Analyte not detected, quantitation limit is probably higher

mg/kg - Milligrams per kilogram

pct - Percent

PCT/P - Percent Pass

ph - pH units

ug/kg - Micrograms per kilogram
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TABLE 4-3

Groundwater Data Exceedance Results

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Station ID Adjusted Tapwater CAAO6-MWOL1 CAAO6-MWO06 CAA06-MW02 CAA06-MW03 CAAD6-MW04 CAAD6-MWO05
Sample ID MCL RSL CAA06-GW01-1013 CAAO6-GWO1P-1013 CAAD6-GW06-1013 CAA06-GW02-1013 CAAD6-GW03-1013 | CAAO6-GW04-1013 | CAAD6-GW05-1013
Sample Date (May 2014) 10/02/13 10/02/13 10/02/13 10/02/13 10/02/13 10/02/13 10/02/13
Chemical Name

Total Metals (pug/l)

Aluminum - 2,000 50 U 50 U 50 U 19 ) 48 J 50 U 50 U
Arsenic 10 0.052 5.9 6.3 33 21 33 16 26
Barium 2,000 380 15 15 14 12 8.9 25 12
[Icalcium - - 21,000 22,000 38,000 15,000 J 43,000 47,000 43,000
[[cobalt - 0.6 8.2 8.7 0.56 J 19 0731 1 081
[[cyanide 200 0.15 4 4U 4U 4U 4U 4U 15.6
[[iron - 1,400 16,000 16,000 30,000 36,000 J 32,000 19,000 24,000
[|Lead 15 15 0.5 05U 05U 05U 019 05U 05U
[[Magnesium - - 3,500 3,600 2,800 2,100 J 2,400 3,200 2,700
[[Manganese - 43 700 710 340 220 210 400 360
[[Nickel - 39 1 1.1 075 1 0.46 J 2.3 0.47
Potassium - - 1,600 1,600 2,600 1,700 J 2,100 2,800 2,500
Sodium - - 7,900 7,800 9,600 8,000 J 10,000 12,000 9,700
Dissolved Metals (ug/l)

Arsenic, Dissolved 10 0.052 6 6 32 20 25 17 22
Barium, Dissolved 2,000 380 14 15 14 12 7.5 26 10
[[Beryllium, Dissolved 4 2.5 012 04U 0.4 U 0.4 U 04U 04U 04U

(|calcium, Dissolved - - 21,000 21,000 36,000 17,000 J 38,000 47,000 42,000
[|cobalt, Dissolved - 0.6 7.8 8.7 0.55 J 16 062 1.1 0.68
[[iron, Dissolved - 1,400 16,000 16,000 30,000 37,000 J 29,000 19,000 23,000
[[Magnesium, Dissolved - - 3,400 3,400 2,700 2,300 J 2,100 3,300 2,700
[Manganese, Dissolved - 43 670 700 330 200 170 410 280
[INickel, Dissolved - 39 1.1 1.2 0.29 ) 06 05U 1.6 05U
Potassium, Dissolved - - 1,500 1,500 2,500 1,900 J 1,800 2,800 2,400
Sodium, Dissolved - - 8,200 7,300 9,300 8,700 J 9,800 11,000 9,500
Vanadium, Dissolved - 8.6 0.14 ) 02U 0.2 U 0.2 U 0.071 B 0.2 U 0.094 B
Zinc, Dissolved - 600 16 54 B 538B 4.6 B 84 B 23 8B 43 B
Wet Chemistry

Alkalinity (mg/!) - - 71 NA 120 58 120 140 130
Chloride (mg/l) - - 9.3 NA 9.5 10 9.5 11 11
[[Methane (mg/1) - - 2.3 NA 8.2 0.73 2.3 5.4 5.3
[INitrate (mg/1) 10 3.2 025U NA 0.25 U 0.25 U 0.095 J 0.25 U 0.25 U
pH (ph) - - 6.5 NA 6.5 6.4 6.4 6.7 6.6
Sulfate (mg/I) - - 46 NA 5U 0.93 ) 1) 091 1.1
Total organic carbon (TOC) (mg/1) -- -- 2.4 NA 3.2 2.8 3.5 3 3.3

Notes:

Bold text indicates exceedance of MCL

Shading indicates exceedance of Adjusted Tapwater RSL

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents
NA - Not analyzed

B - Analyte not detected significantly above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

U - The material was analyzed for, but not detected

mg/| - Milligrams per liter

ug/!l - Micrograms per liter
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Figure 4-2

Legend Surface Soil Exceedance Results

Groundwater and Surface/Subsurface Soil Sample Location — 2013 RI Approximate AOC 6 TNT Subareas Study Boundary AOC 6 TNT Subareas Remedial Investigation
Underline indicates exce Cheatham Annex
RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents Williamsburg, Virginia
Surface/Subsurface/3-point Composite Soil Sample Location — 2013 RI |:| Former TNT Graining House Sump/Former Catch Box Ruins Boundary NA - Not analyzed
J - Analyte present, value may or may not be accurate or precise
K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
mg/kg - Milligrams per kilogram
pa/kg - Micrograms per kilogram
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Legend Notes: o i ) Subsurface Soil Exceedance Results
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SECTION 5

Human Health Risk Assessment

5.1 Human Health Risk Assessment Overview

This section summarizes the AOC 6 TNT Subareas baseline HHRA, for which the primary objective was to
assess the potential current and future risks to human health from exposure to COPCs associated with
surface soil, surface and subsurface soil, and groundwater at the AOC 6 TNT Subareas. All of the data used in
the risk assessment were fully validated, are considered useable for the HHRA, and are assumed to
represent current conditions. Table H-1 in Appendix H lists the samples that were evaluated in the HHRA.
Soil samples collected in October 2008, November 2008, and September 2013 and groundwater samples
collected in October 2013 were included in the risk assessment. The analytical data are included in Appendix
G. The baseline HHRA text and tables are presented in Appendixes H and I, respectively.

The HHRA evaluated the carcinogenic risks and noncarcinogenic hazards to a reasonably maximally exposed
individual, which is consistent with the methodologies in risk assessment guidance for Superfund sites
(USEPA 1989, 1993, 2001, 2004). The reasonable maximum exposure (RME) is the highest exposure that is
reasonably expected to occur at a site (USEPA, 1989). When the RME risk exceeded target risk levels, the
central tendency exposure (CTE) risk was evaluated. The CTE risk is the risk to individuals who have average
or typical exposure to the environmental media.

The maximum detected concentration of each constituent for each medium was compared to the criteria
discussed as follows to select COPCs for quantitative evaluation in the HHRA. If the maximum concentration
exceeded any criterion, the constituent was identified as a COPC for further evaluation with respect to risk.
Constituents not detected in any sample or detected at concentrations less than the criteria were not
identified as COPCs. The USEPA RSLs (USEPA, 2014) were used for evaluation of media samples as follows:

e Soil — USEPA RSLs for Residential Soil (May 2014 RSL Table)
e Groundwater — USEPA RSLs for Tapwater (May 2014 RSL Table)

A CSM was developed specifically for human exposures at AOC 6 (Figure H-1 in Appendix H) to present an
overview of site conditions, potential sources of contamination, potential contaminant-migration pathways,
and potential exposure pathways to potential receptors.

5.2 Potential Receptors and Exposure Scenarios

Chemicals and inorganic constituents that pose a potential risk to human health may be present in site soil
and groundwater. Potential current receptors exposed to these media are base workers and adult and child
recreational users who may come in contact with surface soil. There is no planned future site use that is
different from the current use at this time; however, future site use is unknown. Therefore, risks associated
with exposure to soil and groundwater were evaluated to assess unrestricted land use, which assumes
residential use as the most conservative case. In addition to evaluating hypothetical residential use (which is
unlikely), potential future industrial use of the site was evaluated, which includes base workers, construction
workers, and recreational users as potential future receptors.

For the future exposure scenarios, it was assumed that soil-moving activities associated with construction
for future site development would result in subsurface soil being mixed with the current surface soil,
resulting in subsurface soil being placed on the ground surface. Therefore, future exposure to soil was
assumed to include exposure to the combined current surface and subsurface soil, so the surface and
subsurface soil analytical data sets were combined together to evaluate this potential exposure. It was also
conservatively assumed that groundwater from the surficial aquifer might be used as a future potable water
supply; however, this is highly unlikely based on the viability of the surficial aquifer for that purpose. It is

ES102214063427WDC 5-1



AOC 6 TNT SUBAREAS REMEDIAL INVESTIGATION REPORT

also unlikely that shallow groundwater will be used as a potable water supply for CAX because the base
municipal water is supplied by the City of Newport News Waterworks.

Since historical site use is not associated with significant VOC contamination, and volatile constituents were
not found to be potential constituents of concern (COCs) during previous investigations, VOCs were not
included in Rl groundwater sampling analyses. Therefore, the groundwater to air pathway is not considered
a complete exposure pathway.

In summary, current receptors and exposure pathways quantitatively evaluated in the HHRA are:

e Base worker: Incidental ingestion of and dermal contact with surface soil. Inhalation of VOCs or
particulate emissions from soil were not quantitatively evaluated because no COPCs were identified for
this pathway.

e Recreational Users (adult and child): Incidental ingestion of and dermal contact with surface soil.
Inhalation of VOCs or particulate emissions from soil were not quantitatively evaluated because no
COPCs were identified for this pathway.

Future receptors and exposure pathways quantitatively evaluated in the HHRA include the following:

e Base worker: Incidental ingestion of and dermal contact with surface and subsurface soil; ingestion of
shallow groundwater. Inhalation of VOCs or particulate emissions from soil were not quantitatively
evaluated because no COPCs were identified for this pathway.

e Recreational Users (adult and child): Incidental ingestion of and dermal contact with surface and
subsurface soil. Inhalation of VOCs or particulate emissions from soil were not quantitatively evaluated
because no COPCs were identified for this pathway.

e Construction worker: Incidental ingestion of and dermal contact with surface and subsurface soil;
dermal contact with shallow groundwater in an open excavation. Inhalation of VOCs or particulate
emissions from soil were not quantitatively evaluated because no COPCs were identified for this
pathway.

e Resident (adult and child): Incidental ingestion of and dermal contact with surface and subsurface soil;
ingestion of shallow groundwater, and dermal contact with shallow groundwater while
bathing/showering. Inhalation of VOCs or particulate emissions from soil were not quantitatively
evaluated because no COPCs were identified for this pathway.

The COPCs identified for soil and groundwater at the AOC 6 TNT Subareas, and used to calculate the RME
and CTE (when calculated) noncarcinogenic hazards and carcinogenic risks, are identified in Table H-2 in
Appendix H. The RME noncarcinogenic hazards and carcinogenic risks are presented by receptor in Table H-
3, and the CTE results are summarized in Table H-4, in Appendix H. The risk calculations are presented in
Tables 7.1.RME through 7.10.RME and 7.1.CTE through 7.9.CTE in Appendix I. The CTE risks were calculated
only when the RME hazards exceeded the noncarcinogenic target hazard index (HI) of 1, or the RME carcinogenic
risks exceeded the target risk range of 1 x 10 to 1 x 10 (USEPA, 1994). Tables 9.1.RME through 9.10.RME and
9.1.CTE through 9.9.CTE in Appendix | summarize the hazards and risks to each receptor.

5.3 Human Health Risk Assessment Findings

Human health COCs are identified for the scenarios with potentially unacceptable risks. The COCs are those
COPCs that contribute an HI greater than 0.1 to a cumulative target organ HI that exceeds 1 or a
carcinogenic risk greater than 1 x 10°® to a cumulative carcinogenic risk that exceeds 1 x 10*. The results of
the risks for each receptor are summarized as follows:
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e Current or Future Base Worker: Potential unacceptable noncarcinogenic hazards associated with
exposure to surface soil and combined surface and subsurface soil, and potential unacceptable
carcinogenic risks associated with exposure to groundwater.

— COC for surface soil is TNT
— COC for surface and subsurface soil is TNT
— COC for groundwater is arsenic

e Current or Future Recreational User (adult and child): Potential unacceptable noncarcinongenic hazards
associated with exposure to surface soil and combined surface and subsurface soil.

— COC for surface soil is TNT

— COC for surface and subsurface soil is TNT

— Lead is not a COC when evaluating exposure to lead in soil across the full site; however, if only
exposed to soil within the Catch Box Ruins, lead is a COC for Catch Box Ruins surface soil and
combined surface and subsurface soil.

e  Future Construction Worker: Potential unacceptable noncarcinogenic hazard associated with exposure
to surface and subsurface soil. Carcinogenic risk associated with surface and subsurface soil, and
noncarcinogenic hazard and carcinogenic risk associated with groundwater were within acceptable
levels.

— COC for surface and subsurface soil is TNT

e Future Resident (adult and child): Potential unacceptable carcinogenic risks and noncarcinongenic
hazards associated with exposure to surface and subsurface soil and groundwater.

— COCs for surface and subsurface soil are TNT, 2-nitrotoluene, arsenic, and hexavalent chromium.

— COCs for groundwater are arsenic and iron

— Lead is not a COC when evaluating exposure to lead in soil across the full site; however, if only
exposed to soil within the Catch Box Ruins, lead is a COC for Catch Box Ruins surface soil and
combined surface and subsurface soil.

To summarize, the COCs for AOC 6 media are as follows:

e Under Current Site Use:
— Surface soil: TNT, plus lead within the Catch Box Ruins only

e Under Future Recreational Use:
— Soil: TNT, plus lead within the Catch Box Ruins only

e Under Future Industrial Site Use
— Soil: TNT
— Groundwater: arsenic

e Under Future Residential Site Use:
— Soil: TNT, 2-nitrotoluene, arsenic, and hexavalent chromium, plus lead within the Catch Box Ruins
only
— Groundwater: arsenic and iron

The soil COC 2-nitrotoluene was only detected in one of the thirty-nine soil samples, and the detection limits
for all the other soil samples were below the human health risk-based screening level. As there was only one
detected concentration, this concentration was used as the exposure point concentration to estimate the
hazards and risks associated with exposure to 2-nitrotoluene. Therefore, the risks associated with exposure
to 2-nitrotoluene across the site are likely over-estimated.
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A comparison of site concentrations to background concentrations was not used to select the COPCs.
Therefore, it is possible that any of the metals identified as COPCs and COCs may be associated with
background conditions. Arsenic was identified as a COC in surface and subsurface soil. Arsenic
concentrations in surface and subsurface soil ranged from 1.1 mg/kg to 20.9 mg/kg. More than half of these
detections were below the 95 percent UTL from the CAX/Yorktown background values of 6.36 mg/kg and
5.54 mg/kg for surface and subsurface soil, respectively. Therefore, it is possible some of the risk associated
with exposure to arsenic in soil is from background conditions.

The concentration of hexavalent chromium in subsurface soil exceeded the Residential soil RSL based on a
carcinogenic risk of 10®. However, this concentration would not exceed the Residential soil RSL adjusted to a
carcinogenic risk of 10° (3 mg/kg), indicating that the risk to a residential receptor would fall within the
acceptable risk range of 10* to 10°. Therefore, it is unlikely there would be any adverse human health
effects associated with exposure to hexavalent chromium alone in soil.

While arsenic and iron were identified as COCs in groundwater based on the quantitative HHRA, site
concentrations of these constituents may be attributable to naturally occurring background conditions.
Arsenic and iron concentrations are commonly found at naturally occurring concentrations that exceed
human health screening criteria in shallow groundwater of the Atlantic Coastal Plain. In addition, iron is a
required human nutrient. Therefore, it is unlikely there would be any adverse human health effects
associated with exposure to the iron in groundwater.

The future residential land use scenario evaluated in this assessment is conservative, because it is unlikely
that land use for AOC 6 will change to residential development in the future. Additionally, even if the site is
used for residential development, it is unlikely shallow groundwater will be used as a potable water supply.
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SECTION 6

Ecological Risk Assessment

This section summarizes the results of the ERA conducted for the AOC 6 TNT Subareas. The complete ERA is
contained in AppendixJ.

6.1 Introduction

This ERA was conducted in accordance with the Navy Policy for Conducting Ecological Risk Assessments
(CNO, 1999) and the Navy guidance for implementing this ERA policy (NAVFAC, 2003 and 2012). It considers
data collected as part of previous evaluations of the AOC 6 TNT Subareas and data collected specifically for
the RI. This ERA is completed through Step 3A of the 8-step ERA process (USEPA, 1997).

The previous ERA forthe AOC 6 TNT Subareas was conducted as part of the recent Sl report (CH2M HILL,
2012) and consisted of an ecological risk screening, constituting a Screening-level ERA (SERA) and an
abbreviated version of Baseline ERA Step 3A. The results of the 2012 S| were used to develop the SAP forthe
Rl (CH2M HILL, 2013). Additional surface soil, subsurface soil, and groundwater data were collected in 2013
to support the RI. The 2008 surface and subsurface soil data used in the Sl were also included in this ERA.
However, the 2008 groundwater data evaluated as part of the Sl were not included in this ERA, since they
were collected using DPT (the 2013 groundwater samples were collected from permanent monitoring wells).

6.2 Environmental Setting

The AOC 6 TNT Subareas, approximately 0.5 acre in size, are located near the southwestern bank of
Penniman Lake (a large freshwater lake) and just north of King Creek (a tidal, estuarine water body) (Figure
1-3). They are composed of the remnants of the former TNT Graining House, its associated sump, and the
ruins of the former TNT Catch Box. The Catch Box Ruins currently consist of an earthen, brick-lined
depression located immediately east of the former TNT Graining House. The TNT Catch Box was used to
separate TNT particles from wastewater associated with TNT Graining House processes. Only the concrete
footprint of the former TNT Graining House currently exists on the site, as does a concrete-lined, open top
pit believed to be the sump pit for the TNT Graining House. On September 19, 2013, the former TNT
Graining House sump, located within the footprint of the TNT Graining House, was inspected. The concrete
sump compartment measured 8 feet long, 2.5 feet wide, and 3.6 feet in depth, and contained about 2 feet
of water above the bottom of the sump. Leaves, roots, and less than two inches of organic detritus, but not
any residual material from former operations, were found on the bottom of the sump. Historical leaks
and/or discharges from the former TNT Graining House sump and/or TNT Catch Box are the primary
known/suspected sources of contamination at the AOC 6 TNT Subareas.

The AOC 6 TNT Subareas are currently wooded. Soils are somewhat acidic, with an average pH of 5.2 in
surface soil and 5.4 in shallow subsurface soil. The results for TOC average just over 3 percent in surface soil,
but less than 1 percent in shallow subsurface soil. Surface soil is comprised mainly of fine and medium sand,
with about 10 to 20 percent silt/clay.

While the site does not contain any wetlands or water bodies, Penniman Lake is located approximately 50
feet east of the Catch Box Ruins, and King Creek is located about 100 feet south (across Garrison Road) of
the remnants of the TNT Graining House (Figure 1-3). An earthern berm is present just north of the former
TNT Graining House, rising about 15 feet above the surrounding grade. The topography on the remainder of
the site is relatively flat but drops somewhat abruptly at the shoreline of Penniman Lake, and less abruptly
south of Garrison Road toward King Creek (Figure 3-1). Surface runoff from the location of the former TNT
Graining House and TNT Catch Box Ruins flows primarily east toward Penniman Lake. Due to the presence of
Garrison Road, surface runoff from the locations of the former site structures is unlikely to reach King Creek.
Groundwater (Columbia aquifer) was first encountered during Rl sampling at a depth of about 5 to 8 feet
bgs and flows primarily south toward King Creek (Figure 3-5) due to Penniman Lake surface water recharging
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groundwater during the RIl. However, during low Penniman Lake water conditions (such as in times of
drought), it is possible that the groundwater flow direction could reverse such that groundwater would
potentially discharge into Penniman Lake.

Navy and DoD personnel have access to the AOC 6 TNT Subareas while pursuing recreational activities such
as jogging, hunting, and fishing. Future land use at the AOC 6 TNT Subareas is not expected to change and
will likely continue as recreational into the foreseeable future.

6.3 Analytical Data Used in the ERA

Both existing surface and shallow subsurface soil (from the 2012 SlI), and surface soil, shallow subsurface
soil, and groundwater samples collected as part of the Rl (in 2013) were quantitatively evaluated in this ERA.
Since ecological exposures are generally confined to the top two feet of the soil column, the soil data used in
this ERA were confined to this depth range, but were evaluated separately as surface samples (0 to 6 inches)
and shallow subsurface samples (6 to 24 inches); terrestrial food web exposures only considered the surface
soil samples. The results from the two surface water samples collected from Penniman Lake (in 2008) for the
Sl were used to represent drinking water exposures in terrestrial food web models.

Although ecological receptors do not have direct exposure to groundwater, groundwater data collected as
part of the Rl were also evaluated in this ERA. This was done to provide a conservative evaluation of the
potential for significant contaminant transport via groundwater to potential downgradient receiving water
bodies (Penniman Lake and King Creek) and the subsequent potential exposure of ecological receptors in
these water bodies. Only the groundwater data collected from permanent monitoring wells in 2013 for the
Rl were quantitatively evaluated in this ERA. The historical groundwater data used in the Sl were not
included, because they were direct-push samples.

The surface water and sediment data collected adjacent to the site (in Penniman Lake) and screened in the
2012 Sl were not quantitatively evaluated in this ERA (except for the inclusion of the surface water data in
the terrestrial food web models). Since Penniman Lake has now received a site designation (AOC 9), any
further evaluation of surface water and sediment offshore of the AOC 6 TNT Subareas has been deferred to
the Penniman Lake SI.

Background soil UTLs from the Yorktown-CAX background study (CH2M HILL, 2011) were also considered in
the ERA. Because the background study does not contain background UTL values for the Columbia aquifer,
two of the wells (CAA06-MWO01 and CAAO6-MWO6; Figure 2-1) located upgradient of the AOC 6 TNT
Subareas source areas were used to represent site-specific background conditions for groundwater. The
remaining four wells were generally considered site wells.

6.4 Conceptual Site Model

The CSM relates potentially exposed receptor populations with potential source areas based on physical site
characteristics and complete exposure pathways. Important components of the CSM are the identification
of potential source areas, transport pathways, exposure media, exposure pathways and routes, and
receptors. Appendix J, Figure J-1illustrates a diagrammatic CSM for the AOC 6 TNT Subareas. Key
components of this CSM are discussed in Appendix J. Appendix J, Table J-3 shows the assessment
endpoints, risk hypotheses, and measurement endpoints used in the ERA and the receptors associated with
each of these endpoints.

6.5 Results
6.5.1 Terrestrial Habitats

Ten assessment endpoints were developed for terrestrial habitats on the site (Appendix J, Table J-3). Lines
of evidence for terrestrial habitats included:

e Comparison of surface soil and shallow subsurface soil concentrations with ESVs
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e Comparison of modeled dietary doses with ingestion toxicity reference values
e Comparison of site soil concentrations with background concentrations

In surface soil, two inorganic constituents (lead and selenium) and five explosives (TNT, 1,3,5-
trinitrobenzene, 1,3-dinitrobenzene, 2-nitrotoluene, and 3,5-dinitroaniline) were identified as Step 3A
COPCs for further risk evaluation. Lead was also identified as a Step 3A COPC for further risk evaluation for
terrestrial food web exposures. The explosive TNT is the primary risk driver based on the magnitude of the
ESV exceedances, but the extent of the exceedances is spatially limited. The highest TNT concentrations in
surface soil occur in the composite sample from the former TNT Catch Box Ruins (CAA06-S026-000H-0913).
The other exceedances occur directly adjacent to the former TNT Catch Box Ruins to the east and south
(samples CAA06-SS01-1008, CAA06-SS13-1108, and CAA06-S536-0913) and in the vicinity of the former
sump (samples CAA06-S538-0913 and CAA06-SS02-1008). There were no detections of the other four
explosive COPCs (which lacked ESVs) in any sample that did not also have an exceedance of the TNT ESV.
Similarly, the two highest concentrations of lead in surface soil occurred in the two samples with the highest
TNT concentrations. Thus, spatially limited risks associated with lead may occur for lower trophic level
receptors. Although the 95 percent upper confidence level (UCL) concentration of lead in surface soil
resulted in hazard quotients (HQs) in excess of 1 based on the Maximum Acceptable Toxicant Concentration
for the shrew and mourning dove, there were no exceedances based on the mean concentration. Thus,
given the very limited spatial area with elevated lead concentrations, potential risks for upper trophic level
receptors from food web exposures are likely to be low. Selenium exceeded ESVs and background UTLs in
only two surface soil samples and did not follow the spatial pattern of lead and TNT. The 95 percent UCLHQ
was just over 1 (1.05). Thus, potential risks associated with selenium are low and do not appear to be site-
related.

In summary, the primary risk drivers in surface soil are TNT and lead, but the locations with high
concentrations are limited to the known source areas and/or the immediately adjacent areas.

In shallow subsurface soil, three inorganic constituents (hexavalent chromium, lead, and selenium) and five
explosives (TNT, 1,3,5-trinitrobenzene, 1,3-dinitrobenzene, 4-nitrotoluene, and 3,5-dinitroaniline) were
identified as COPCs for further risk evaluation. The explosive TNT is the primary risk driver, based on the
magnitude of the ESV exceedances, but, as with surface soil, the extent of the exceedances is spatially
limited. The highest TNT concentrations in shallow subsurface soil occur in the composite sample from the
former TNT Catch Box Ruins (CAA06-S026-0H02-0913). The other exceedances occur directly adjacent to the
former TNT Catch Box Ruins to the east and south (samples CAA06-SB01-1008, CAA06-SB13-1108, and
CAA06-SB36-0H02-0913) and in the vicinity of the former sump (CAA06-SB38-0H02-0913). There were no
detections of the other four explosive COPCs (which lacked ESVs) in any sample that did not also have an
exceedance of the TNT ESV except for CAA06-SB03-1008, which had a low detection (28 pg/kg) of 1,3-
dinitrobenzene. Similarly, the highest concentration of lead in shallow subsurface soil (and the only ESV
exceedance) occurred in the sample with the highest TNT concentration. Thus, spatially limited risks
associated with lead may occur for lower trophic level receptors. Selenium exceeded background UTLs in
only three shallow subsurface soil samples and did not follow the spatial pattern of lead and TNT. While the
95 percent UCL HQ was over 1 (1.62), the mean HQ did not exceed 1 (0.92). Thus, potential risks associated
with selenium are low and do not appear to be site-related. Although hexavalent chromium exceeded its
ESV in a single sample, there were no ESV exceedances for total chromium and total chromium
concentrations were at or below background levels. Thus, potential risks associated with chromium are not
significant.

In summary, the primary risk drivers in shallow subsurface soil are TNT and lead, but, as with surface soil,
the locations with high concentrations are limited to the known source areas and/or the immediately
adjacent areas.
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6.5.2 Aquatic Habitats

Potential aquatic exposures in Penniman Lake adjacent to the AOC 6 TNT Subareas will be evaluated as part
of the Penniman Lake investigation. This ERA looked at the potential for off-site transport via groundwater
to downgradient water bodies (Penniman Lake and King Creek). No chemical detected in site groundwater,
except dissolved barium and dissolved iron, exceeded both its ESV and its background concentration.
Dissolved iron exceeded its freshwater ESV (there was no marine ESV) by a factor of 27 based on the mean
concentration. Thus, the mean HQ would exceed 1 even assuming a dilution factor of 10. The mean
concentration of dissolved barium exceeded its freshwater (but not marine) ESV by a factor of less than 4.
Thus, the mean HQ would be below 1 assuming a dilution factor of 10. However, the concentrations of
dissolved barium and dissolved iron were not highly elevated relative to background concentrations,
exceeding background in only 1 of the 4 site wells at maximum ratios of 1.73 and 1.23, respectively. The one
background exceedance for barium was in CAA06-MWO04, located south of Garrison Road near King Creek.
King Creek is an estuarine water body and dissolved barium did not exceed its marine ESV. Thus, these two
inorganic constituents do not appear to be site-related (neither one was a COPC in site soil) nor do they
appear to be present at concentrations that would present a potential risk to aquatic receptors above
background levels.

Cyanide also exceeded both its freshwater and marine ESV in one sample (CAA06-GWO05-1013). The ESVs for
cyanide are based on free (bioavailable) cyanide, not total cyanide, while the measured groundwater
concentrations are for total cyanide. Only a small fraction of the total cyanide will be present in bioavailable
forms. The mean HQ (undiluted) was slightly greater than 1 (1.04) based on the freshwater ESV and
exceeded 1 (5.40) based on the marine ESV. Assuming a dilution factor of 10, the mean HQ is below 1 even if
it is assumed that all of the cyanide is present in bioavailable forms. Cyanide was not a soil COPC and does
not appear to be site related.

Based on the results of this evaluation, groundwater is not a significant transport medium for site-related
constituents to Penniman Lake or King Creek, and site-related constituents that might reach these water
bodies via groundwater would not pose an unacceptable risk to aquatic biota.

6.6 ERA Summary and Conclusions

In summary, the primary ecological risk drivers in surface and shallow subsurface soil are TNT and lead
(Appendix J, Table J-31), but the locations with high concentrations are limited to the known source areas
and/or the immediately adjacent areas. Based on the results of this evaluation, groundwater is not a
significant transport medium for site-related constituents to Penniman Lake or King Creek, and site-related
constituents that might reach these water bodies via groundwater would not pose an unacceptable risk to
aquatic biota.
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SECTION 7

Chemical Fate and Transport

This section discusses the fate and transport of soil and groundwater COCs identified from the HHRA and
ERA (Sections 5 and 6, respectively) for the AOC 6 TNT Subareas. Surface water and sediment media were
not evaluated since they are being assessed as part of the Penniman Lake SI. Fate and transport consists of
the identification of theoretical chemical phases and migration and degradation pathways. An

understanding of the mobility and persistence of a constituent in the subsurface is part of the overall
assessment of the potential for that constituent to cause an adverse human health or environmental effect.
As shown in Table 7-1, the COCs for the AOC 6 TNT Subareas include explosives and inorganic constituents in
soil and inorganic constituents in groundwater. However, the concentrations of the inorganic constituent
COCs in groundwater within the AOC 6 TNT Subareas were found to be attributable to naturally occurring
background conditions.

Fate and transport characteristics for each group of COCs are described as follows. Chemical properties are
listed in Table 7-2.

This section also presents and summarizes the overall CSM for the AOC 6 TNT Subareas, which was
developed using the compendium of information and data presented in this Rl report, including the fate and
transport discussion in this section.

7.1 Chemical Mobility and Persistence

The mobility and persistence of the potential contaminants at the site are determined by their physical,
chemical, and biological interaction with the environment. Mobility is the potential fora chemical to migrate
from a site, and persistence is a measure of how long a chemical will remain in the environment. Because
environmental conditions are an important factor, predicting contaminant behavior and migration can
sometimes be difficult. Some of the mechanisms controlling mobility and persistence are described as
follows.

7.1.1 Volatilization

Volatilization occurs when a compound transfers from the aqueous phase to the gas phase. Measures of a
chemical’s tendency to volatilize from water and soil include its vapor pressure and K,. Compounds with K
values higher than 102 atmospheres per cubic meter per mole (atm-m3/M) are expected to volatilize readily
from water to air, whereas those with Ky values lower than 10 atm-m3/M are relatively non-volatile.
Compounds with K;, values in between these values are expected to be moderately volatile. At a given
temperature, the higher the vapor pressure of a compound, the higher the volatility of that compound.

Volatilization tends to occur more readily from shallow soil than from deeper soil or groundwater. In
groundwater, volatilization can occur only at the air/water interface between the saturated and unsaturated
zones, and movement of aqueous-phase contaminants from bulk groundwater to the interface is largely
diffusion-limited. In unsaturated shallow soil, the soil gas pressure generally approximates the ambient air
pressure. With depth, the soil gas pressure tends to increase, and it becomes more difficult for the gas to
escape and equalize with the ambient air pressure.

Values of vapor pressure and Ky, for the site COCs are provided in Table 7-2. The Ky, values indicate that 2-
nitrotoluene has moderate volatility, while TNT has very limited volatility. Due to the complexity of inorganic
constituents and their variable forms in the environment, no Ky values can be provided for inorganic
constituents. However, these constituents are typically not volatile under normal temperature and pressure
conditions. Emissions to ambient air are usually in the form of particulates mobilized by wind.
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7.1.2 Sorption

Sorption occurs when a constituent adheres to and becomes associated with solid particles in the geologic
formation. The subsurface materials likely to sorb chemicals are clays and organic matter. Silty clay is
present in the Yorktown confining unit. In addition, some inorganic constituents, such as arsenic species, can
sorb to iron and oxyhydroxide or oxide coatings on soil and sediment grains.

The conventional measure of sorption is the distribution coefficient (K4). The Ky for organic chemicals is the
product of the soil organic carbon partition coefficient (K,c) of the chemical and the fraction of organic
carbon (foc) in the soil. Based on site-specific TOC data (Table 4-2), the f,. content in AOC 6 subsurface soil is
estimated at 0.006. In general, chemicals with a K, greater than 10,000 milliliters per gram (ml/g) have high
degrees of adsorption and consequentially low mobility, whereas chemicals with a K, lower than 1,000 ml/g
have lower degrees of adsorption and consequentially higher mobility. The explosive TNT has a moderate Ko
value, whereas 2-nitrotoluene has a low Ko value. Sorption of TNT can increase with higher pH conditions
and temperature (United States National Library of Medicine, 2011). It may also be slow to desorb.

The Kq4 forinorganic constituents is a complex function of pH, organic content, oxide coatings, and other
factors; therefore, Ky is not easily estimated by methods other than site-specific testing. Due to the number
of factors that impact the Ky values for inorganic constituents, these values range from 0.2 mL/g to 100,000
mL/g (Table 7-2). Generally, inorganic constituent adsorption increases with pH. Inorganic constituents most
often sorb to clay minerals, organic matter, and iron and manganese oxyhydroxides. Inorganic constituents
may be sorbed on the surface of the soil or fixed to the interior of the soil, where they are unavailable for
release to groundwater. After available sorption sites are filled, most inorganic constituents are
incorporated into the structures of major mineral precipitates as co-precipitates.

7.1.3 Solubility

Solubility is a measure of the degree to which a constituent will dissolve in water. Highly soluble chemicals
are more likely to be leached from soil by precipitation or runoff that infiltrates into the subsurface. The two
explosives (TNT and 2-nitrotoluene) have moderate water solubilities (Table 7-2).

The solubilities of inorganic constituents are dependent on several factors and are, therefore, not included
in Table 7-2. In general, solubility is highly dependent on the oxidation state of the inorganic constituent,
which is dependent on subsurface conditions. The solubility of cations decreases as pH increases. Some
cations may form complexes with oxygen and hydroxide, forming insoluble oxyhydroxides, or with
phosphate, sulfate, and carbonate, forming insoluble mineral precipitates. Inorganic sulfide complexes,
which form in reducing environments, are extremely insoluble and tend to reduce the total inorganic
constituent concentrations (USEPA, 1979).

7.1.4 Bioaccumulation

Bioaccumulation is the extent to which a chemical will partition from water into the lipophilic parts (such as
fat) of an organism. Bioaccumulation commonly is estimated by the octanol-water partition coefficient (Kow).
Chemicals with high values of Ko\, tend to avoid the aqueous phase and remain in soil longer or
bioaccumulate in the lipid tissue of exposed organisms. Accumulation of a chemical in the tissue of the
organism can be quantified by a bioconcentration factor (BCF), which is the ratio of the concentration of the
chemical in the tissue to the concentration in the water. The BCFs are both contaminant-specific and
species-specific.

Table 7-2 lists some bioaccumulation values forthe COCs. The explosive 2-nitrotoluene had the highest
value. Bioaccumulation values for the other explosives were an order of magnitude lower. It is assumed that
for an inorganic constituent to be taken up by a plant or to exert an effect on plant growth, it must be
present in solution. Therefore, factors that influence the speciation and solubility of inorganic constituents
in soil also affect bioconcentration. The pH of soil can also affect the amount of plant uptake of certain
elements.
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7.1.5 Transformation

Transformation occurs when the valence state of inorganic constituents is increased (oxidation) or
decreased (reduction). It can be caused by changes in oxidation potential and/or pH and by microbial or
non-microbial (abiotic) processes. Transformation may have a significant effect on the mobility of an
inorganic constituent, either increasing or decreasing it.

The solid form of iron (iron hydroxides) is usually present in the natural soil matrix. If sufficient amounts of
oxygen and nitrate are not present in the subsurface, iron hydroxides will be used as electron acceptors by
metabolic activity and reductively dissolve into soluble forms. Sulfides present in groundwater can also
reductively dissolve iron hydroxides. Several inorganic constituents (such as, arsenic) have a tendency to
sorb to iron hydroxides. If these compounds are reductively dissolved, then the inorganic constituents that
are bound to these hydroxides and oxides will also be released.

In oxidizing environments, arsenic and chromium primarily exist as oxyanions (hard anions that contain
oxygen) and are relatively mobile. They can be adsorbed by clays, iron hydroxides, aluminum hydroxides,
manganese compounds, and organic material at acidic and neutral pHs. Arsenic and chromium can be
reduced from higher to lower valance states by organic matter, divalent inorganic constituents, and
dissolved sulfide. Under reducing conditions, insoluble arsenic sulfides are precipitated in the presence of
sulfides. Chromium will form insoluble chromium hydroxide or be sorbed by manganese oxides.

Lead forms insoluble inorganic sulfides in anaerobic environments. It tends to sorb and will be transported
in water primarily with suspended colloidal particles (Eastern Research Group, 2003). Lead is relatively
immobile in all matrices due to its strong tendency to be sorbed by iron and manganese oxides and the
insolubility of many lead minerals.

7.1.6 Degradation

Degradation is the deterioration or destruction of a chemical either biologically (biodegradation) or
abiotically through such processes as hydrolysis and photolysis. Biodegradation of chemicals by microbial
organisms occurs through metabolic or enzymatic processes. Hydrolysis is the reaction of a chemical with
water and photolysis is the result of exposing the chemical to light. The rate of degradation is dependent on
the existing chemical, biological, and physical conditions of the medium in which the contaminant is located.

Two explosives have been identified as COCs at the AOC 6 TNT Subareas (TNT and 2-nitrotoluene). The
explosive TNT can be aerobically biodegraded or anaerobically reduced by hydrogen, and it can also be co-
metabolized. Nevertheless, degradation processes in soil can be slow and very high concentrations may be
toxic to microorganisms. Anaerobic reduction would be expected to have the fastest degradation rate and
result in several degradation products, including 2-amino and 4-amino DNT and azoxydimers. Another
consideration is TNT is also subject to abiotic photolysis, where trinitrobenzene and trinitrobenzaldehyde
are possible photolytic degradation products. 2-Nitrotoluene can be biodegraded via aerobic and anaerobic
processes. The biodegradation of 2-nitrotoluene is very slow in unacclimated soil environments. 2-
Nitrotoluene can potentially degrade via abiotic photolysis; however, it is not likely to undergo hydrolysis in
the natural environment (United States National Library of Medicine, 2011).

7.1.7 Natural Attenuation Evaluation

Geochemical and general water quality parameters were measured during the Rl to help evaluate natural
attenuation processes in groundwater. The COCs identified in groundwater at the AOC 6 TNT Subareas
include two inorganic constituents: arsenic and iron. However, the concentrations of these constituents
were found to be attributable to naturally occurring background conditions.

Natural attenuation includes a variety of physical, chemical, or biological processes that under favorable
conditions act without human intervention to reduce the mass, toxicity, mobility, volume, or concentration
of contaminants in groundwater. These processes consist of biodegradation, dispersion, dilution, sorption,
volatilization, and chemical or biological stabilization, transformation, or destruction of contaminants.

ES102214063427WDC 7-3



AOC 6 TNT SUBAREAS REMEDIAL INVESTIGATION REPORT

Geochemical data are provided in Tables 2-3 and 4-3 and can be used to assess the potential speciation of
inorganic constituents. Physical attenuation processes can also be important. Sorption was discussed in
Section 7.1.2 while volatilization was discussed in Section 7.1.1.

In the Columbia aquifer, groundwater is under slightly anaerobic and more reducing conditions. The DO
concentrations were typically measured below 0.5 mg/L. In the lateral cross/upgradient well (CAAO6-
MWO01), the ORP value was measured at -53 mV. The ORP values were measured below -100 mV in the
remainder of site monitoring wells, including monitoring wells CAAO6-MWO02 and CAA06—-MWO06, which are
also located cross gradient of the former TNT Graining House and Catch Box Ruins, meaning they are not
located downgradient of the source areas. In fact, groundwater from CAA0O6-MWO06 had the most negative
ORP value of all the monitoring wells present at the site. Monitoring well CAA06-MWO04, which is located in
the downgradient portion of the site, had the second lowest measured ORP value. Consistent with these low
ORP values, groundwater from monitoring wells CAA0O6-MWO04 and CAA06—MWO06 also had the strongest
geochemical indicators for biological reactions that proceed under more reduced conditions, thus, higher
ferrous iron concentrations (iron reduction) and methane concentrations (methanogenesis). Sulfate
concentrations in groundwater were also observed to be lower in downgradient monitoring wells, which
may be indicative of sulfate reduction. The pH values were relatively neutral (greater than 6) across the
aquifer.

The more reducing conditions observed in the Columbia aquifer at the AOC 6 TNT Subareas can impact
inorganic constituent concentrations. Under these conditions, the solid forms of iron (iron hydroxides) and
manganese (manganese oxides), which are usually present in the natural soil matrix, can reductively dissolve
into soluble forms. Any inorganic constituents (such as, arsenic) that may be naturally bound to these
hydroxides will also be released to groundwater. At the AOC 6 TNT Subareas, total and dissolved arsenic and
iron concentrations were higher in monitoring wells with ORP values less than -100 mV in comparison to
CAA06-MWO1 (-53 mV).

7.2 Contaminant Migration

The following subsections present a generalized description of theoretical contaminant flow pathways at the
AOC 6 TNT Subareas that may have resulted in the distribution of contaminants. Potential exposure and
receptor pathways were discussed in Sections 5 and 6.

7.2.1 Unsaturated Zone Migration

Contaminants released to surface soil may have migrated vertically into subsurface soil through gravitational
force or leaching from infiltration. Additionally, the former TNT Graining House sump was located bgs in a
concrete pit. If there were cracks within the pit, a release may have been made directly to subsurface soil.
The concrete foundation of the former TNT Graining House still exists at the site and should prevent
infiltration where it is competent. Otherwise, the AOC 6 TNT Subareas are wooded and moderately
vegetated with shrubs, providing limited to no restriction forinfiltration. However, the vegetation should
limit wind erosion and volatilization, which could release contaminants in surface soil to the atmosphere.
The vegetation may also limit surface soil transport via surface runoff during storm events. Once in the
unsaturated zone, contaminants may have sorbed to soil or organic matter, become trapped in residual pore
spaces, or continued to leach and be transported to the saturated zone.

Only two explosives (TNT and 2-nitrotoluene) were identified as COCs in surface and subsurface soil at the
site. The explosive TNT has a low mobility in soil based on its moderate sorption potential, slow desorption,
and low volatility, while 2-nitrotoluene is considered to be more mobile in soil with its low sorption potential
and moderate solubility. Because 2-nitrotoluene has moderate volatility, it may volatilize into the
atmosphere and soil gas. The explosives are subject to aerobic and anaerobic biodegradation; however,
anaerobic biodegradation may be faster. Therefore, biodegradation of these constituents may be slow in
surface soil, which is considered to be aerobic due to its proximity to the atmosphere. If exposed to direct
sunlight, contaminants in surface soil would be subject to abiotic photolysis.
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Only three inorganic constituents were identified as either human health or ecological COCs in soil at the site.
This includes lead (ecological COC) in surface soil and arsenic and hexavalent chromium (human health COCs)
in combined surface/subsurface soil. The mobility of inorganic constituents in the unsaturated zone is highly
dependent on the subsurface conditions. Assuming that the soil at the AOC 6 TNT Subareas exists under more
oxidizing conditions, arsenic and chromium are typically present in forms that are more mobile. However,
these inorganic constituents, along with lead, will potentially sorb or complex with clays, organic material,
iron hydroxides, or manganese oxides, limiting their mobility. Only a small fraction of lead in soil will be in a
water-soluble form.

7.2.2 Saturated Zone Migration

Iron and arsenic are the only COCs identified in groundwater at the AOC 6 TNT Subareas. Contaminants can
enter groundwater by leaching through unsaturated zone soil. However, elevated concentrations of these
inorganic constituents are likely the result of reductive dissolution of the naturally occurring mineralogy in
the subsurface. Dissolved contaminants can be transported in groundwater through advection and
dispersion. Advection is the primary transport mechanism and includes the transport of dissolved
contaminants by the bulk motion of flowing groundwater. Dispersion is the spreading of dissolved
contaminants from the path they would be expected to follow during advection due to the spatial variation
in aquifer permeability, fluid mixing, and molecular diffusion.

At the AOC 6 TNT Subareas, groundwater in the Columbia aquifer has an overall flow direction of south-
southwest towards King Creek. The estimated horizontal groundwater velocity of 0.022 ft/day at the site is
relatively slow. Although no vertical hydraulic gradient data are available, the Penniman Lake surface water
elevation measured during the August 2014 gauging event was over 1.5 feet higher than groundwater
elevations measured at the site. This indicates that Penniman Lake is recharging the surficial aquifer at the
AOC 6 TNT Subareas. Itis possible that there may be times when groundwater discharges into the surface
water body (such as, in times of drought).

Contaminants typically will not move as rapidly as groundwater because of retardation or the adsorption of
the contaminant to the solid media. The advective migration rates of different dissolved contaminants vary
depending on the K4 and the rate of groundwater flow. For each contaminant detected at the site, it is
theoretically possible to calculate a retardation coefficient, which is an estimate of the degree to which the
contaminant is slowed by adsorption in relation to the groundwater flow velocity. The retardation
coefficient is calculated according to the following equation:

R=1+ppxKg/Nne
Where :

R = Retardation coefficient (dimensionless)

pp = Bulk density (grams per cubic centimeter [g/cm3])
Kq = Distribution coefficient (ml/g)

ne = effective porosity (dimensionless)

Assuming a bulk density of 1.5 g/cm3and an effective porosity of 0.3, the estimated retardation coefficients
are listed in Table 7-2. Retardation coefficients for inorganic constituents are variable depending on the
form of the chemical in the subsurface and may range from 8 to 100,000 for arsenic and iron. The effect of
retardation is estimated by dividing the groundwater flow velocity by R, which provides a value of migration
that is either equal to (in the case of no retardation) or less than (in the presence of retardation) the
groundwater flow velocity (Table 7-2).

Transport and partitioning of inorganic constituents in water is dependent on the oxidation state of the
constituent and on interactions with other materials present. Under the more reducing conditions generally
observed in the Columbia aquifer at the site, iron will be transformed into its more soluble form. Any
inorganic constituent (such as, arsenic) that may be naturally bound to iron hydroxides and manganese
oxides can also become more mobile. If sulfides are present in groundwater, arsenic may co-precipitate.
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7.3 Conceptual Site Model Summary

This subsection summarizes the CSM for the AOC 6 TNT Subareas, which qualitatively combines and
interprets site-specific physical characteristics (such as, hydrogeology), contaminant sources, nature and
extent of contamination, potential migration of the contaminants, and the potential exposure and receptor
pathways. Figure 7-1 provides a graphical depiction of the CSM and supports the discussion in this section.
The CSM is a living document used to support potential risk management decisions and aid in defining the
effectiveness of potential remedial alternatives, if needed.

7.3.1 Physical Characteristics

The AOC 6 TNT Subareas are a 0.5-acre section of CAX, which includes the former TNT Graining House Sump
and TNT Catch Box Ruins. The concrete foundation of the former TNT Graining House still exists and also
includes three separate pits, or vaults, below the level of the foundation. This area is surrounded by an
earthen berm. The depression for the former TNT Catch Box Ruins is located to the east of the concrete
foundation; however, bricks, which supposedly lined the depression, were not observed during the most
recent site visits. Penniman Lake is located to the north and east of the site and Garrison Road and King
Creek are located to the south of the site. Garrison Road is a topographic high point (Figure 1-3) and the
ground topography slopes away from the road on both sides with a steeply decreasing grade towards the
shoreline of Penniman Lake. Therefore, overland flow during storm events is likely directed towards the
lake. Other than the concrete foundation, the AOC 6 TNT Subareas are wooded and moderately vegetated
with shrubs, providing limited restriction for infiltration to the subsurface. Garrison Road is gravel-covered.

At the AOC 6 TNT Subareas, the subsurface lithology consists primarily of silty sand, which is underlain by a
fat clay. A silty, sandy clay layer is observed within the silty sand. The TOC content is considered to be
moderate, with an average f,.of 0.006 in subsurface soil, and could facilitate sorption of some constituents.

The groundwater aquifer of interest is the shallow, unconfined Columbia aquifer, which is underlain by the
Yorktown confining unit. The depth to groundwater ranges between 5 and 8 feet bgs. Groundwater in the
Columbia aquifer generally flows to the south-southwest towards King Creek at an estimated groundwater
velocity of 0.022 ft/day (8 feet per year). During the August 2014 groundwater gauging event, the surface
water elevation of Penniman Lake was higher than groundwater elevations beneath the AOC 6 TNT
Subareas. This suggests that the lake is recharging the shallow aquifer in this area of CAX, resulting in a
groundwater flow direction away from the lake. However, during low Penniman Lake surface water
conditions (such as, in times of drought), it is possible that the groundwater flow direction could reverse
such that groundwater would potentially discharge into the lake.

7.3.2 Potential Sources of Contamination and Migration Pathways

The sources of contamination at the AOC 6 TNT Subareas are considered to be potential historical leakage or
discharge from the former TNT Graining House Sump and/or TNT Catch Box Ruins. The former TNT Catch
Box Ruins were used to separate TNT particles from wastewater. The primary potential migration pathways
of COCs in the site media are:

e Leaching of contaminants from impacted surface soil into subsurface soil

e Dissolved contaminant migration in the Columbia aquifer with groundwater flow (via advection and
dispersion)

Less prominent fate and transport mechanisms which may be active at the AOC 6 TNT Subareas include
volatilization of surface soil contaminants into the atmosphere, stormwater runoff of surface soil
contaminants towards Penniman Lake, and leaching of contaminants from subsurface soil into groundwater.

7.3.3 Distribution and Transport of COCs

Two explosives (TNT and 2-nitrotoluene) were identified as COCs in surface and subsurface soil at the site. In
surface soil and subsurface soil, the highest concentrations of TNT were observed in samples collected
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within the former TNT Catch Box Ruins. Elevated concentrations were also detected in soil to the
north/northeast of the former TNT Catch Box Ruins and to the southeast of the former TNT Graining House.
Concentrations of explosives were observed to decrease sharply over a horizontal distance. For example,
there were no detections of explosives in surface soil sample CAA06-5229-0913, even though it is only 20
feet from surface soil samples CAA06-5513-1108 (TNT: 51,000 pg/kg) and CAA06-SS01-1008 (TNT: 4,500,000
ug/kg). In general, concentrations of TNT were lower in subsurface soil in comparison to co-located surface
soil. The only exception to this was observed at sample location CAA06-SO13, located outside the northern
edge of the former TNT Catch Box Ruins; subsurface soil concentrations were an order of magnitude higher
than surface soil concentrations. The highest concentrations of 2-nitrotolune were detected at the
southeast corner of the former TNT Graining House. However, 2-nitrotolune was not detected in subsurface
soil. The TNT constituent is considered to have low mobility in soil, while 2-nitrotoluene is considered to be
more mobile. However, no explosives have been detected in groundwater. Therefore, these contaminants
are not leaching to groundwater.

Inorganic constituents were identified as COCs in soil and groundwater. The mobility of inorganic
constituents is highly dependent on the subsurface conditions, which influences the oxidation state of the
inorganic constituent and interactions with other materials present. At the AOC 6 TNT Subareas, pH values
in soil are slightly acidic (surface soil is pH is typically below 5.5 and subsurface soil pH is typically below 6.0).
The ORP levels and DO concentrations in groundwater suggest a more reducing environment.

e Lead was identified as a COC in surface soil. The highest surface soil concentrations were observed at
the former TNT Catch Box Ruins. Concentrations in sample CAA06-S026-000H-0913 (1,100 mg/kg) were
two orders of magnitude higher than the background concentration of 17.4 mg/kg. Elevated
concentrations of lead were also observed to the southeast of the former TNT Graining House and just
north of the former TNT Catch Box Ruins. Lead is relatively immobile in soil due to its strong tendency to
be sorbed by iron and manganese oxides and the insolubility of many lead minerals. As a result,
subsurface soil concentrations were an order of magnitude lower than the co-located surface soil
samples.

e Hexavalent chromium was identified as a COC in combined surface/subsurface soil. However, there was
only one surface soil sample (CAA06-SS03-1008) with a total chromium concentration (34.7 mg/kg)
greater than the background value of 18.2 mg/kg. In subsurface soil, two samples were analyzed for
hexavalent chromium (CAA06-S526-0913 and CAA06-S527-0913). Although the total chromium
concentration in each of these subsurface soil samples was below the background value of 33.7 mg/kg,
the hexavalent chromium concentration in sample CAA06-S527-0913 was reported above its residential
RSL and ESV. Total chromium subsurface soil concentrations were similar to, or slightly higher than, the
co-located surface soil concentrations. While chromium may be more mobile under oxidizing conditions,
it readily complexes with clays, organic material, iron hydroxides, or manganese oxides, limiting its
mobility.

e Arsenic was identified as a COC in combined surface/subsurface soil. Arsenic was detected at its highest
concentrations in surface soil located just south of the former TNT Graining House Sump and in
subsurface soil located at the former TNT Catch Box Ruins. Arsenic concentrations in surface soil were
generally similar to, or slightly lower than, subsurface soil concentrations. As with chromium, arsenic
may be more mobile under oxidizing conditions; however, it readily complexes with clays, organic
material, iron hydroxides, or manganese oxides, limiting its mobility.

e Arsenic and iron were identified as a COCs in groundwater. However, elevated arsenic and iron
concentrations are attributed to naturally occurring background conditions reflective of the natural
reductive dissolution process rather than the result of a CERCLA release. Arsenic, which is typically
bound to iron hydroxides and manganese oxides, can be released into groundwater under reducing
conditions as iron and manganese are transformed into forms that are more mobile. Monitoring wells
CAA06-MWO01, -MWO02, -MWO06 are located upgradient or sidegradient of the suspected release areas
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(former TNT Graining House and TNT Catch Box Ruins) and in areas with soil concentrations below the
background UTLs. Therefore, groundwater from these wells is considered to be representative of the
range of background concentrations present in this area of CAX. Both arsenic and iron concentrations in
monitoring wells located adjacent to or downgradient of the suspected release areas were all below the
ranges of representative background values.

7.3.4 Risk Receptors

Future land use at the AOC 6 TNT Subareas is not expected to change and will likely continue as
wooded/recreational in the foreseeable future. Groundwater at CAX is not a current or anticipated source of
potable drinking water. However, the Commonwealth of Virginia does not employ groundwater use
classifications; therefore, groundwater at CAX is considered to be of potential beneficial use.

The only current human receptors at the site are base workers and adult and child recreational users. There
are unacceptable human health risks to all current receptors and future receptors (current receptors,
construction workers, and residents) from potential exposure to contaminants in soil and groundwater.
There are unacceptable risks to ecological receptors from exposure to surface soil and subsurface soil.
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TABLE 7-1

Constituents of Concern By Medium

AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Medium
Chemical
Surface Soil Subsurface Soil Combined Soil Groundwater
Explosives
2,4,6-Trinitrotoluene HE E H
2-Nitrotoluene E H
Metals
Arsenic H H
Chromium, Hexavalent H
Iron HE
Lead E
Notes:

E - Ecological COC
H - Human Health COC
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TABLE 7-2
Physical and Chemical Properties for Constituents of Concern
AOC 6 TNT Subareas Remedial Investigation

Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia

Molecular Water Vapor Log Log
Densit K K K R V,
Chemical Weight ensity Solubility Pressure h o d ¢ Kow BCF
(g/mole) (g/cm®) (mg/L) (mm Hg) (atm-m3/mole) () (mL/g) (--) (ft/yr) () ()
Explosives
2,4,6-Trinitrotoluene 227.1 1.65 115 8.02E-06 2.10E-08 1600 9.6 49 0.16 1.60 0.53
2-Nitrotoluene 137.1 1.16 650 1.85E-01 1.25E-05 370 2.2 12 0.66 2.30 1.18
Metals
Arsenic 74.92 5.78 U U U NA 2.0-20,000 | 11-100,000 | 0.00008-0.7 U U
Chromium 52.00 7.14 U U U NA 0.20-63,000 | 2-315,000 | 0.00003-4.0 U U
Iron 55.85 7.87 U U U NA 1.4 -10,000 8-50,000 0.00016-1.0 U U
[lLead 207.2 11.34 U U U NA 5.0 - 100,000 | 26 - 500,000 | 0.00002 - 0.3 U U
Notes:

BCF = Bioconcentration Factor

foc = fraction organic carbon = 0.006 (average of total organic carbon subsurface soil data
Ky = Soil-Water partition coefficient = k.. x foc for organics

K= Henry's Law Constant

Koc = Organic carbon partition coefficient

Kow = Octanol-water partition coefficient

NA = no information available

n, = Effective porosity = 0.30 (estimate]

R = Retardation coefficient = 1 + Kyx p, / ne

p, = Soil bulk density = 1.5 grams per cubic centimeter (sandy loam’

U = No value is provided because of the uncertainty in the form of these chemicals in the environment

Vc = Contaminant velocity = seepage velocity (estimated at 0.022 ft/day) / R; velocity calculations included in Section 3 of the Rl repot

Data sources:

(1) United States National Library of Medicine. 2011. Hazardous Substances Data Bank (HSDB) http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen ?HSDE

(2) United States Environmental Protection Agency. 1999. Partition Coefficients for Metals in Surface Water, Soil, and Waste.

(3) http://www.chemicalbook.com/ChemicalProductProperty_EN_CB6133122.htrr
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SECTION 8

Conclusions and Recommendations

This section summarizes the major conclusions of the Rl for the AOC 6 TNT Subareas, which are based on the
findings and results presented and evaluated in earlier sections of this report. It also presents a
recommended path forward to address potentially unacceptable risks to human health or the environment
from site-related COCs at the AOC 6 TNT Subareas.

The objectives of the Rl have been achieved — data gaps have been filled, the nature and extent of
contamination have been sufficiently defined, the CSM has been updated to reflect the compilation of data
from all investigation activities to date, and human health and ecological risks have been assessed.

8.1 Conclusions
The HHRA and ERA presented herein identified the following COCs:

Medium
Risk Component
Surface Soil Subsurface Soil Groundwater
Human Health TNT, 2-nitrotoluene, TNT, 2-nitrotoluene, Arsenic and iron
arsenic, hexavalent arsenic, and .
chromium, and lead* hexavalent chromium
Ecological TNT and lead TNT and lead No

unacceptable
risks to aquatic
biota identified

*Unlike the other listed COCs lead is not a COC when evaluating exposure to lead in soil
across the full site; however, if only exposed to soil within the Catch Box Ruins, lead is a COC
for Catch Box Ruins surface soil and combined surface and subsurface soil.

Although arsenic and iron were identified as groundwater COCs based on their conservative inclusion in the
HHRA for evaluation, the concentrations of arsenic and iron found in groundwater during the Rl at the AOC 6
TNT Subareas were attributable to naturally occurring background conditions and not the result of site-
related contamination.

8.1.1 Sall

The human health COC 2-nitrotoluene was only detected in one of the thirty-nine soil samples; therefore,
this concentration was used as the exposure point concentration, and the risks associated with exposure to
2-nitrotoluene across the site are likely over-estimated.

For the remaining COCs in soil, the concentrations of TNT, hexavalent chromium, arsenic, and lead
exceeding screening criteria are shown on Figure 8-1.

No explosives were detected in groundwater during the SI; therefore, these contaminants are not leaching
from the soil to groundwater.

8.1.2 Groundwater

Arsenic and iron were identified as COCs in groundwater in the HHRA. However, elevated arsenic and iron
concentrations are attributed to naturally occurring background conditions reflective of the natural
reductive dissolution process rather than the result of a CERCLA release. Monitoring wells located
upgradient or sidegradient of the suspected release areas and in areas with soil concentrations below the
background UTLs had arsenic and iron concentrations higher than monitoring wells downgradient of the
release areas. Therefore, groundwater from these reference wells is considered to be representative of the
range of background concentrations present in this area of CAX. Both arsenic and iron concentrations in
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monitoring wells located adjacent to or downgradient of the suspected release areas were all below the
ranges of representative background values.

With regard to ecological risk, groundwater would not pose an unacceptable risk to aquatic biota.

8.2 Recommendations

The following recommendations are proposed forthe AOC 6 TNT Subareas:

1.

8-2

Prepare an FFS to develop and evaluate remedial alternatives to address potentially unacceptable
human health or ecological risks associated with TNT and lead in soil at the AOC 6 TNT Subareas. Since
the size of the AOC 6 TNT Subareas is relatively small (approximately 0.5 acre) and the approximate
boundaries of the TNT and lead contamination in soil are defined, an FFS would allow for a more
efficient evaluation of several potential remedial alternatives.

No further action is recommended for arsenic and hexavalent chromium. The arsenic concentrations are
within the range of soil background 95% UTLs (CH2M HILL, 2011), as shown on Figure 8-1. Hexavalent
chromium was not detected in surface soil, and in subsurface soil, the risk to a residential receptor
would fall within the acceptable risk range for this constituent, as discussed in Section 5.3.

Since there was only one detection of the human health COC 2-nitrotoluene, the risks associated with
exposure to it across the site are likely over-estimated, and since this one detection is within the
approximate distribution of TNT contamination south of the former TNT Graining House Sump, it would
be addressed as part of the FFS remedial alternatives associated with TNT in this area, such that no
further action with respect to 2-nitrotoluene is warranted.

No further action is recommended for groundwater since the groundwater data evaluated during this Rl
indicate that the concentrations of arsenic and iron in groundwater are likely attributable to naturally
occurring background conditions and not from historical leakage or discharge from the former TNT
Graining House Sump and/or TNT Catch Box Ruins.
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Sample Date 10/21/08 10/21/08 Sample Date 11/06/08 11/06/08 Sample Date 09/17/13

Sample Depth 6-24 inches
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2,4,6-Trinitrotoluene

Total Metals (mg/kQg)
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Station ID CAA06-S002

Sample ID CAA06-SS02-1008 CAA06-SB02-1008
Sample Date 10/21/08 10/21/08
Sample Depth 0-6 inches 6-24 inches
Explosives (ug/kg)

2,4,6-Trinitrotoluene 320,000

Total Metals (mg/kg)

Arsenic

T
TNT Graining House
l .b

Station ID

Sample ID

[Sampled |
Station ID ! Lt i 5 CAAOB-MWOS
i . Fa CAA06-SS38-0913 CAAO06-SB38-0H02-0913

Sample ID . = ; B :
Sample Date 10/21/08 10/21/08 T § i 8. : 09/17/13 09/17/13 |
5

Sample Depth 0-6 inches 6-24 inches § ! - y
Explosives (ug/kg) ‘ : . I
2,4,6-Trinitrotoluene \ _ of gl 720,000 80,000 g
Total Metals (mg/kg) s T 4 i i

Station ID CAA06-S026 Yy T’ :
Sample ID | CAA06-SS26-0913* | CAA06-SO26-000H-0913 CAA0B-SB26P-0H02-091 } = RSLs Residential
Sample Date | oonons | 09/19/13 . Soil Adjusted
sample Depth | o6inches | 6-24inches ol o S ' (May 2014)

Explosives (ug/kg)
9,300,000 2,4,6-Trinitrotoluene

-0H02-0913
I .
Total Metals (mg/kg) —\ ———" Total Metals (mg/kg)
oo 7 7 D i
27
NA NA

Explosives (ug/kg)

2,4,6-Trinitrotoluene [ v | 14,000,000

Chvomum hexavaleny | o3u | 0.
] I N I VA
Legend

Groundwater and Surface/Subsurface Soil Sample Location — 2013 RI : : :| Berm Boundary
Surface/Subsurface Soil Sample Location — 2013 RI [ ] Former TNT Graining House Sump/Former Catch Box Ruins Boundary Bold text indicates exceedance of CAX 95% UTL BKG SB mg/kg - Milligrams per kilogram AOC 6 TNT Subareas Remedial Investigation

pa/kg - Micrograms per kilogram Cheatham Annex
Surface/Subsurface/3-point Composite Soil Sample Location — 2013 RI m Concentrations of TNT in Soil Underline indicates exceedance of ESV *-A duplicate sample was collected and the higher of the two results is shown. Williamsburg, Virginia
Surface/Subsurface Soil Sample Location — 2008 SI m Concentrations of Lead in Soil RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

NA - Not analyzed
J - Analyte present, value may or may not be accurate or precise
L - Analyte present, value may be biased low, actual value may be higher
Topographic High Point (dashed where approximated) U - The material was analyzed f(_)r, k_’Ut n_ot_ d_etected i
UL - Analyte not detected, quantitation limit is probably higher

10
NA
470
Figure 8-1

Concentration Map of TNT, Arsenic, Lead, and Hexavalent Chromium in Soil

Surface/Subsurface Soil Sample Location
(Total and Hexavalent Chromium Analyses only) - 2013 RI

Approximate AOC 6 TNT Subareas Study Boundary
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Soil Boring and Monitoring Well
Construction Logs




PROJECT NUMBER:

BORING NUMBER:

387443.FIL.LFS CAA06-MWO01 SHEET 1 OF 1
PROJECT : AOC 6 TNT Subarea - Monitoring Well (MW) Installation LOCATION : Cheatham Annex (CAX) Williamsburg, VA (3630268.9 N, 12035321.6 E)
ELEVATION : 13.8 ft NAVD88 (natural ground elevation) DRILLING CONTRACTOR : Parratt-Wolff Drilling, Inc.\J. Ellingworth
DRILLING METHOD AND EQUIPMENT : CMEB800 Track Mounted Rig, 4 ¥4 ID 8 % O.D. HSA, 4 ft Macro Core Sampler
WATER LEVELS : 7.7 ft bgs START : 9/18/2013 END : 9/18/2013 LOGGER : T. Stewart\VBO
DEPTH BELOW EXISTING GRADE (ft) SOIL DESCRIPTION 10)
o]
INTERVAL (ft) o T
RECOVERY (ft SOIL NAME, USCS GROUP SYMBOL, COLOR, 2] & COMMENTS WELL DIAGRAM
(® MOISTURE CONTENT, RELATIVE DENSITY OR g a [
SAMPLE ID CONSISTENCY, SOIL STRUCTURE, MINERALOGY s| &
(TIME) &

381 00 SICTY SAND (SM) ] Water leveT. ]
B 0.0-2.8'"- pale yellow, (5Y 8/2), dry, loose, fine to 1 7.10 ft. msl Concrete
| medium grained, nonplastic ] (potentiometric - ]

10/02/2013)
| - Bentonite
: 4.0 s-1 . Moy
: - o | Top of Well N:fd'un;
f R (PVC) Elevation: gollﬁsb(a -s) R
. 16.75 ft msl <
- 2.8-5.8'- strong brown, (7.5YR 5-4/6), dry, dense to E ~«— Sand Filter
medium dense, fine to medium grained, low plasticity Pack (7 - 50
7] Ib bags)
4.0 | i |
Stick-up style j—
- 1 surface iy - 1
5 | ] completion, with | " = ]
8.8 a water-tight —
B B expansion cap — 1
. . . and a lockable, —
] 4.0 S-2 5.8-6.6'- Sa_lme as 2.8-5.2_3 except moist, medium to B o protective steel [ - 10-foot 0.01
| coarse grained, nonplastic | Cover = slotted
— screen
| CLAY (CL) ) _ o — 2-inch ]
6.6-7.7'- dry, very stiff, medium plasticity, strong — diameter

7 brown grading to light gray at 7.0ft bgs, trace silt ] = PVC ]

o 8.0 SILT (ML) | } 1 } — ]
7.7-7.9"- yellowish red, (5YR 5/8), nonplastic, trace i [

N coarse sands, wet at 7.7ft bgs 1 | [ = N

i SILTY SAND (SM) 1l = i
7.9-11.2'- very dark grayish brown, wet, very loose, I —

10 7 nonplastic, coarse sands with trace very fine pebble ] } | } —. ]

] _ ravel, light greenish gray Silt lense at 9.0-9.1ft bgs | j— _

3.8 4.0 §-3 g g g aray 9 Il o | Elevationsand | =
b 1 } | } coordinates — 1
| 4 ‘\ I (NAD83) as = |

surveyed by —
B FAT CLAY (CH) . . e L 77 ECLS, Inc. on T -
12.0 11.2-15.2'- greenish gray, moist, very stiff, high / September —H
- plasticity, coarse brown sand lense at 12.4-12.6ft bgs, */ 23rd. 2013. = N
| marbled dark reddish brown at 13ft bgs and 14.8ft bgs % ’ j— |
. 4.0 S-4 % o — :
il | / s |

15 / diameter

1.2 v/ borehole __|
| CLAYEY SAND (SC) ] i

16.0 15.2-16.0'"- pale brown, (2.5Y 8/2), wet, medium
- dense, very fine to fine grained, high plasticity, wet at 1
15.2ft bgs ] |
Bottom of Boring at 16.0 ft bgs on 9/18/2013 | |




PROJECT NUMBER:

BORING NUMBER:

387443.FIL.LFS CAA06-MW02 SHEET 1 OF 1
PROJECT : AOC 6 TNT Subarea - Monitoring Well (MW) Installation LOCATION : Cheatham Annex (CAX) Williamsburg, VA (3630217.5 N, 12035414.0 E)
ELEVATION : 15.4 ft NAVD88 (natural ground elevation) DRILLING CONTRACTOR : Parratt-Wolff Drilling, Inc.\J. Ellingworth
DRILLING METHOD AND EQUIPMENT : CMES800 Track Mounted Rig, 4 % ID 8 % O.D. HSA, 4 ft Macro Core Sampler
WATER LEVELS : 6.9 ft bgs START : 9/18/2013 END : 9/18/2013 LOGGER : T. Stewart\VBO
DEPTH BELOW EXISTING GRADE (ft) SOIL DESCRIPTION 10)
o]
INTERVAL (ft) o T
RECOVERY (ft SOIL NAME, USCS GROUP SYMBOL, COLOR, 2] & COMMENTS WELL DIAGRAM
(® MOISTURE CONTENT, RELATIVE DENSITY OR g a [
SAMPLE ID CONSISTENCY, SOIL STRUCTURE, MINERALOGY s| &
(TIME) »

& 0.0 SICTY SAND (S N Water level. N
f 0.0-0.5"- brown, (7.5YR 4/2), dry, very loose, fine 1 6.75 ft. msl Concrete
| grained, nonplastic, abundant roots/organic material ] (potentiometric - ]

0.5-2.2"- pale yellow, (5Y 8/2), dry, dense, very fine to 10/02/2013)
B fine grained, nonplastic, trace black organics at top B Bentonite
Seal -
B 4.0 S-1 ] 0 Medium
| SILTY SAND-CLAYEY SAND (SC) ] ;I'lg\;;g)f EY:\I/Ltion. chips (0.75 - |
2.2-6.9'- strong brown, (7.5YR 5-4/6), dry to moist, 18.28 ft msl ’ 50Ib bags)
N medium dense, fine to medium grained, low to N ’ ~=«— Sand Filter
i medium plasticity ] Pack (7 - 50
Ib bags)
4.0 | i |
Stick-up style j—
- 1 surface iy - 1
5 | ] completion, with | " = ]

10.4 a water-tight —

B B expansion cap — 1
and a lockable, —

I 4.0 S-2 | 0 protective steel |~ = ;&ft‘;%t 0.01

7 7 cover = screen
l | = — 2-inch i
SILTY SAND (SM) — diameter

i 6.9-9.0'"- yellowish red, (5YR 5/8), wet, loose, —= PVC |
8.0 nonplastic, wet at 6.9ft bgs, trace fine pepple gravel =

’ FAT CLAY (CH) Yy = ]

N 9.0-10.4'- brownish yellow and light gray, (10YR 6/6 */ — 1

10 | 4.0 53 and 10YR 7/2), dry to moist, very stiff, high plasticity, 7/ — |

54 : trace silt and very fine grain sands 7] ° Elevations and —

B SILT (ML) = Nl coordinates — 1
- reddi i oyt NAD83 =
| 10.4-10.6"- reddish brown, (2.5YR 4/4), moist to wet, | _f7+; ( ) as = i
nonplastic oty surveyed by =
1 SILTY SAND (SM) it ECLS! 'EC- on |+ ]
12.0 10.6-13.9"- dark gray to very dark grayish brown, gt zéa%te%%r —. -
(2.5Y 4/1-3/2), wet, loose, coarse grained, nonplastic, |- ! rd, : =
1 wet at 10.6ft bgs, angular grains jo[g — ]
] st = }
, L H i
o\:rf —
] 4.0 S-4 FAT CLAY (CH) ] 7 0 — ]
] 13.9-16.0"- moist, medium dense, nonplastic, greenish ,/ — 8.25" i
15 gray (5G 6/1) grading to light gray (2.5Y 7/2) at 15ft / diameter
04 | bgs, trace nodules and dark brown mottling ] / borehole |
16.0 /7 i
Bottom of Boring at 16.0 ft bgs on 9/18/2013




PROJECT NUMBER:

BORING NUMBER:

387443.FIL.LFS CAA06-MWO03 SHEET 1 OF 1
PROJECT : AOC 6 TNT Subarea - Monitoring Well (MW) Installation LOCATION : Cheatham Annex (CAX) Williamsburg, VA (3630229.4 N, 12035521.9 E)
ELEVATION : 11.9 ft NAVD88 (natural ground elevation) DRILLING CONTRACTOR : Parratt-Wolff Drilling, Inc.\J. Ellingworth
DRILLING METHOD AND EQUIPMENT : CMES800 Track Mounted Rig, 4 % ID 8 % O.D. HSA, 4 ft Macro Core Sampler
WATER LEVELS : 4.5 ft bgs START : 9/17/2013 END : 9/17/2013 LOGGER : T. Stewart\VBO
DEPTH BELOW EXISTING GRADE (ft) SOIL DESCRIPTION 0]
o]
INTERVAL (ft) o T
RECOVERY (ft SOIL NAME, USCS GROUP SYMBOL, COLOR, 2] & COMMENTS WELL DIAGRAM
(® MOISTURE CONTENT, RELATIVE DENSITY OR g a [
SAMPLE 1D CONSISTENCY, SOIL STRUCTURE, MINERALOGY S| ¢
(TIME) »

TT9 1 00 TOP SOIL (SM) ] Water level: 1
1 0.0-0.3"- very dark gray, (10YR 3/1), dry, very loose, 1 6.93 ft. msl Concrete
| very fine to fine grained, nonplastic, abundant roots (potentiometric - ]

SILT (ML) 10/02/2013)

N 0.3-0.7'- pale yellow, (5Y 8/2), dry, very loose, 1 gen}onite 1

| ~ nonplastic, trace very fine grain sands, grades to i eal -

4.0 S below soil 0 Top of Well M]?S'SUFS_s -

. SILTY SAND (SM) 1 (PVC) Elevation: 50lb bags) |

| 0.7-4.5'- strong brown, (7.5YR 5/6), moist, dense, J 14.86 ft msl ~«— Sand Filter

trace very fine grain sands, grades to below soil Pack (7.5 -

7] T 50 Ib bags)

4.0 ] | ]

v Stick-up style j—

= 4.5-6.5'- Same as 0.7-4.5 except wet, loose, coarse | surface o= |
S| rained, higher silt content, wet at 4.5ft bgs — completion, with | . — —

6.9 9 g ’ ) 9 a water-tight =
B B expansion cap — 1

and a lockable, —

I 4.0 S-2 | 0 protective steel |~ = ;&ft‘;%t 0.01

} CLAY WITH SAND (CL) cover =] soreen

B 6.5-6.8'"- olive gray, (5Y 4/2), moist, soft, low plasticity / — di-g:':\eler 1

i SILTY SAND (SM) | = PVC i

8.0 6.8-8.7'- strong brown and greenish gray, wet, very =
loose to loose, coarse grained, low plasticity, high silt - ]

B content | —. i

i CLAY WITH SILT AND SAND (CL) i = i

8.7-9.3'- silt and coarse sand stringers /¢ -

1 WELL GRADED SAND-SILTY SAND (SM) 1o = ]
10_| 4.0 S-3 9.3-10.7'- wet, loose, coarse grained, nonplastic, dark | jof’f . j— _
1.9 greenish gray (10Y 4/1) from 9.3-9.7ft bgs, strong f1] ° |FElevationsand |4

1 brown from 9.7-10.71t bgs, very coarse sand and trace J-i¢ coordinates — 1

| pebble gravel fractions i (NAD83) as = i

CLAY WITH SILT AND SAND (CL) E‘g‘(gy?d by =
N 10.7-12.0'- wet, medium stiff to soft, low plasticity, ] Sepier EC- on — ]
12.0 laminated greenish gray (5G 6/1) and dark greenish g 2:?%9%163: = ]
| gray (10Y 4/1), silt and coarse black sand stringers | o‘ju rd, : = 1
WELL GRADED SAND-SILTY SAND (SW) 0 =
s 12.0-13.7"- dark greenish gray, (5G 6/1), wet, very 1 o[E = 1
| loose to loose, nonplastic, very coarse sand fraction, | j"k H |
sharp contact with soil below ‘/ ! H

. 40 S-4 FAT CLAY (CH) ] / 0 = ’

| 13.7-16.0'"- greenish gray, (5G 6/1), dry to moist, very 7/ = ]

15 stiff to hard, high plasticity, marbled dark greenish / j—

311 gray (10Y 4/1), up to 20% reddish brown nodules */ — . —

o (14.6-16.0ft bgs), trace very fine grain to fine grain 7/ gisr?qeter
16.0 white inclusions // borehole
Bottom of Boring at 16.0 ft bgs on 9/17/2013




PROJECT NUMBER:

387443.FI.FS

BORING NUMBER:

CAA06-MW04

SHEET 1

OF 1

SOIL BORING LOG

PROJECT : AOC 6 TNT Subarea - Monitoring Well (MW) Installation

LOCATION : Cheatham Annex (CAX) Williamsburg, VA (3630119.2 N, 12035534.0 E)

ELEVATION : 12.9 ft NAVD88 (natural ground elevation)

DRILLING CONTRACTOR : Parratt-Wolff Drilling, Inc.\J. Ellingworth

DRILLING METHOD AND EQUIPMENT : CMEB800 Track Mounted Rig, 4 ¥4 ID 8 % O.D. HSA, 4 ft Macro Core Sampler

WATER LEVELS : 7.5 ft bgs START : 9/17/2013 END : 9/17/2013 LOGGER : T. Stewart\vVBO
DEPTH BELOW EXISTING GRADE (ft) SOIL DESCRIPTION 10}
e}
INTERVAL (ft) o T
RECOVERY (ft) SOIL NAME, USCS GROUP SYMBOL, COLOR, 2| & COMMENTS WELL DIAGRAM
MOISTURE CONTENT, RELATIVE DENSITY OR g a (B
SAMPLE ID CONSISTENCY, SOIL STRUCTURE, MINERALOGY s| &
(TIME) &
Z9 | 0.0 SICTY SAND (SM) Water leverl. @
B 0.0-0.5"- brown, (7.5YR 4/2), dry, very loose, abundant 4.73 ft. msl 1
| roots/organic material ] (potentiometric - e Concrete
SILTY SAND (SM) 10/02/2013)
T 0.5-1.2"- pale yellow, (5Y 8/2), dry, medium dense, 1
| 4.0 S-1 very fine grained, nonplastic, high silt content ] ﬁ % ]
SILTY SAND (SM) 0 | Top of Well
T 1.2-7.2'- strong brown, (7.5YR 4/6), dry to wet, dense, (PVC) Elevation: 1
, very fine to medium grained, nonplastic to low | 15.86 ft msl |
plasticity, wet at 7.2ft bgs containing loose coarse
7 sand seam from 7.0-7.2ft bgs ] ]
4.0 1 ) k— Grout Seal -
Stick-up style Portland
1 1 surface Type I/l
5 | | completion, with |
7.9 a water-tight
B B expansion cap B
and a lockable,
] 4.0 82 | 0 protective steel |
- e cover .
N B Bentonite
Y | CLAY WITH SILT AND SAND (CL) ] Seal -
- 8.0 7.2-8.8"- strong brown, (7.5YR 5-4/6), wet, soft, low to i
. > 9 ; X | p (0.5-50 |
medium plasticity, roots, organic material to 15% Ib bag)
B SILTY SAND (SM) - -
8.8-9.8'"- very dark grayish brown, (2.5Y 3/2), wet,
1 loose, medium to coarse grained, discolored very ] ]
21%— 4.0 S-3 dark gray and strong brown 0 L —]
| SILT (ML) i — |
9.8-10.4'- blue greenish gray, (10BG 4/1), moist, stiff, —
B nonplastic, trace coarse very dark grayish brown sand /| = 1
| seams | = |
12.0 SILTY SAND (SM) —
10.4-10.8'- Same as 8.8-9.8 except coarse grained ER3N — N
. SILT WITH CLAY (ML) - ]ot# = i
10.8-12.0'- bluish green, (5B 5/1), moist, medium et =
T dense, nonplastic, laminated 10% very dark grayish ] 2‘0[1 — |
| brown, gradational between clay and silt ob,t = |
| 4 SILTY SAND-WELL GRADED SAND (SM) 1t . |
0 S-4 12.0-15.0'"- strong brown and very dark gray, (2.5Y o\:[[ 0 =T (S7agg F;?Ck
- 4/1), wet, very loose, very coarse to coarse grained, IR - 9
; g =
15 nonplastic o —
2.1 CLAY (CL) ) j
B 15.0-16.0'"- greenish gray, (5G 6/1), dry to moist, very */ = 1
16.0 stiff, high plasticity /) = 10001 0.01
SILTY SAND-WELL GRADED SAND (SM) et Elevations and |.. [ slotted
1 16.0-16.9'- Same as 12.0-15.0 g coordinates — | screen
| o N (NADB83) as — 2-inch |
FAT CLAY (CH) y surveyed by = diameter
] 16.9-20.0"- mottled light gray and reddish brown, ,/ ECLS, Inc. on i PVC i
(10YR 7/1 and 2.5YR 5/4), dry to moist, very stiff to / September —
f 4.0 S-5 hard, high plasticity, reddish brown nodules and brittle ’/ 0 23rd, 2013. = T
i organic particles from 18.7-20.0ft bgs ,/ = ]
. - / " l-g8.25" E
/ = diameter
] N - borehole 7
20 | 200 é H
Bottom of Boring at 20.0 ft bgs on 9/17/2013




PROJECT NUMBER:

387443.FI.FS

BORING NUMBER:

CAA06-MWO05

SHEET 1

OF 1

SOIL BORING LOG

PROJECT : AOC 6 TNT Subarea - Monitoring Well (MW) Installation

LOCATION : Cheatham Annex (CAX) Williamsburg, VA (3630167.1 N, 12035498.5 E)

ELEVATION : 13.6 ft NAVD88 (natural ground elevation)

DRILLING CONTRACTOR : Parratt-Wolff Drilling, Inc.\J. Ellingworth

DRILLING METHOD AND EQUIPMENT : CMEB800 Track Mounted Rig, 4 ¥4 ID 8 % O.D. HSA, 4 ft Macro Core Sampler

WATER LEVELS : 7.3 ft bgs START : 9/17/2013 END : 9/17/2013 LOGGER : T. Stewart\VBO
DEPTH BELOW EXISTING GRADE (ft) SOIL DESCRIPTION ®
o]
INTERVAL (ft) ol ©
RECOVERY (ft) SOIL NAME, USCS GROUP SYMBOL, COLOR, 2] & COMMENTS WELL DIAGRAM
MOISTURE CONTENT, RELATIVE DENSITY OR 8 a [
SAMPLE ID CONSISTENCY, SOIL STRUCTURE, MINERALOGY = o
(TIME) o
T35 0.0 SICTY SAND (SM) Water leverl.
B 0.0-0.8'- pale yellow, (5Y 8/2), dry, dense, nonplastic 6.21 ft. msl Concrete
4 SILTY SAND\CLAYEY SAND (SM) f g%%%’}gg%emc - -
| 0.8-9.3'- brown, (7.5YR 5-4/6), moist to wet, medium | ) Bentonite |
dense to dense, medium plasticity, medium grain Sgglfn'te
- 4.0 S-1 0.8-7.4ft bgs, medium coarse 7.4-9.3ft bgs, gradual . o Medium
change to lithology below Top of Well | chips (0.5 -
- 1 (PVC) Elevation: 50lb bags) |
i . 16.63 ft ms| <& Sand Filter
Pack (7 - 50
] T Ib bags)
4.0 | | i
Stick-up style j—
- 1 surface iy - 1
5 | ] completion, with | " = ]
8.6 a water-tight =
B B expansion cap — 1
and a lockable, —
T 4.0 S-2 ] o | protective steel |- =] ;&ft‘;%t 0.017
1 T cover = screen
i i — 2-inch i
V4 — diameter
L | | = PVC i
8.0 | ] ]
- CLAY WITH SAND (CL) e — R
10 9.3-10.6'- strong brown grading to light gray, sharp =
3.6 | 4.0 S-3 contact at base, (7.5YR 5/4 to 5Y 7/1), wet, soft to o 0 Elevations and = o
m medium stiff, low plasticity R coordinates — 1
| SILTY SAND (SM) (NAD83) as = |
10.6-13.5"- brown and greenish gray, (7.5YR 4/4 and surveyed by —
B Gley1 6/10GY), wet, dense, coarse to medium - ECLS, Inc. on T -
12.0 grained, low plasticity, brown 10.6-10.9ft bgs, September — ]
greenish gray 10.9-13.5ft bgs, very fine grain silty 23rd, 2013. =
- sand, high silt content 1 — 1
FAT CLAY (CH) =
B 4.0 S-4 13.5-16.0'"- greenish gray, (Gley1 5G 6/1)), dry to */ o — 1
| moist, very stiff to hard, high plasticity, trace silt, 7/ B 8.25" ]
15 grades to light gray (2.5Y 7.2) at 15ft bgs, trace brown / diameter
14 mottling with very fine to coarse nodules, trace very — —{ / borehole —
o fine grain white particles 7/ ]
16.0 / i
Bottom of Boring at 16.0 ft bgs on 9/17/2013




PROJECT NUMBER:

387443.FI.FS

BORING NUMBER:

CAA06-MWO06

SHEET 1 OF

1

SOIL BORING LOG

PROJECT : AOC 6 TNT Subarea - Monitoring Well (MW) Installation

LOCATION : Cheatham Annex (CAX) Williamsburg, VA (3630225.3 N, 12035372.5 E)

ELEVATION : 14.9 ft NAVD88 (natural ground elevation)

DRILLING CONTRACTOR : Parratt-Wolff Drilling, Inc.\J. Ellingworth

DRILLING METHOD AND EQUIPMENT : CMEB800 Track Mounted Rig, 4 ¥4 ID 8 % O.D. HSA, 4 ft Macro Core Sampler

WATER LEVELS : 7.0 ft bgs START : 9/18/2013 END : 9/18/2013 LOGGER : T. Stewart\VBO
DEPTH BELOW EXISTING GRADE (ft) SOIL DESCRIPTION ®
o]
INTERVAL (ft) o T
RECOVERY (ft) SOIL NAME, USCS GROUP SYMBOL, COLOR, 2] & COMMENTS WELL DIAGRAM
MOISTURE CONTENT, RELATIVE DENSITY OR g a [
SAMPLE ID CONSISTENCY, SOIL STRUCTURE, MINERALOGY s| &
(TIME) o
X9 | 0.0 SICTY SAND (SM) Water leverl.
B 0.0-6.0'- strong brown and pale brown, (7.5YR 5/8 and 6.86 ft. msl Concrete
| 10YR 6/3), dry, medium dense, fine to medium ] (potentiometric - ]
grained, low plasticity, roots 10/02/2013)
| - Bentonite
Seal -
4.0 S-1 o | Top of well Medium
s R (PVC) Elevation: §0||’l))sb(a. "
17.81 ft msl 9%)
- . ~=— Sand Filter
Pack (6.5 -
7] T 50 Ib bags)
4.0 | | i
Stick-up style j—
B 1 surface iy - 1
5 ] completion, with | " = ]
9.9 a water-tight =
B B expansion cap — 1
and a lockable, —
4.0 S2 6.0-9.5'- strong brown and light yellowish brown, o | protective steel |- = 12foot0.01
1 (7.5YR 5/8 and 2.5Y 6/3), moist to wet, loose, coarse cover — screen
Y | grained, nonplastic, moist then wet at 7ft bgs (perched — 2-inch ]
o zone), wet until 9.5ft bgs, yellowish red banding from — diameter
f 8.0-9.5ft bgs s = PVC s
8.0 i = i
10 CLAY WITH SILT (CL) ( ) =
— 4.0 S-3 9.5-10.6'- greenish gray, (5G 5/1), moist, very stiff, —] ) — —
4.9 | high plasticity, high silt content from 9.5-9.7ft bgs, ° EIevg_tlor;s and — |
colored yellowish red 10.3-10.6ft bgs ‘ ?,‘\’lzng‘; 'z; —
7 POORLY GRADED SAND-SILTY SAND (SM) 11 surveyed by — N
i 10.6-13.2'- dark gray to very dark grayish brown, 1! ECLS. Inc. on ] |
12.0 (2.5Y 4/1-3/2), wet, loose to very loose, coarse } Septe!mber —
- grained, nonplastic, high silt content from 10.6-10.9ft | 23rd. 2013. = 1
| bgs, sharp contact with lithology below 4 ’ j— |
[ —
| SILT (ML) i — i
13.2-14.0"- very dark grayish brown and greenish —
B 4.0 S-4 gray, (2.5Y 3/2 and 5G 5/1), wet, nonplastic, 10% very 0 — T
| fine grain sands 7/ L 8.25" 1
15 FAT CLAY (CH) / diameter
0.7 | 14.0-16.0'"- greenish gray, (5G 5/1), dry to moist, very */ borehole |
i stiff, high plasticity, high silt content from 14.0-14.2ft ,/ ]
16.0 bgs, reddish brown nodules A
Bottom of Boring at 16.0 ft bgs on 9/18/2013
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CH2ZMHILL SURVEYOR REPORT

Surveying of Monitoring Well Locations at AOC 6 TNT Subareas
Remedial Investigation (Rl) at Naval Weapons Station Yorktown; Cheatham Annex
Williamsburg, Virginia
Navy CLEAN 1000

CONTRACT N62470-08-D-1000

CTO-056
Page 1 Survey Control Stations
Page 2 Monitoring Wells/Soil Samples

-~
z
S G. DARRELL TAYLOR >
Lic. No. 2985

Date of Survey: 09-23-2013

Name(s) of crew: Don Williams and Jose Ortiz

Temperature: 65°F; Barometric Pressure: 30.0
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227 FisH Dr., ANGIER. NLC 27501

A, N T rrara OwrLD CORMfTand Y

Survey Control Stations:

The Horizontal values shown in this report are Virginia South State Plane Coordinate System of

1983 North Zone (NAD83). The Vertical values shown in this report are in NAVD 88 Datum

current adjustment.

All coordinates shown in U.S. Survey Foot.

CONTROL SET ELEV. NORTHING EASTING

CP 1: PKNAIL 10.66 3,630,269.76 12,035,942.31
CP 2: PKNAIL 10.76 3,630,200.45 12,035,788.21
CP 3: PKNAIL 11.32 3,630,137.30 12,035,528.45
CP 4: PKNAIL 12.85 3,630,140.88 12,035,439.47

Control Points 1 and 2 were established with Topcon Hyper Pro GPS receiver using 45 minute
OPUS Static GPS sessions. OPUS Website then used to translate control points to Virginia South
State Plane Coordinate System (NAD 83). Top Con S003A Robotic total station was then used to

locate each monitoring well and soil sample location. The following checks were made

throughout the survey.

CONTROL CHECKS ELEV. NORTHING EASTING
PT1 CHECK 10.66 3,630,269.76 12,035,942.31
PT2 CHECK 10.77 3,630,200.45 12,035,788.21
PT2 CHECK 10.75 3,630,200.45 12,035,788.20
PT3 CHECK 11,32 3,630,137.30 12,035,528.44
PT3 CHECK 11.31 3,630,137.30 12,035,528.45

)

910.897.225"7 OFFICE

WWW.ECLSINC.COM

910.897.2329 FAX



227 FisH DR,

AMNGIER,

NC 27501

A Vi oar raAaArgd DwriD CORMPARNY
Monitoring Well Locations:
CONCRETE GROUND
WELL NUMBER TOP OF WELL TOP OF CASING SURFACE SURFACE NORTHING EASTING
(ft msl) (ft msl) (ft msl) (ft msl)
CAAO6-MWO1 16.75 16.86 14.07 13.83 3,630,268.87 | 12,035,321.62
CAA06-MWOD2 18.28 18.51 15.70 15.37 3,630,217.52 | 12,035,414.01
CAA06-MWO3 14.86 15.01 12.31 11.90 3,630,229.37 | 12,035,521.91
CAA06-MWO04 15.86 16.09 13.20 12.91 3,630,119.16 | 12,035,533.99 |
CAAD06-MWO5 16.63 16.88 14.01 13.59 3,630,167.10 | 12,035,498.53
CAAD6-MWO6 17.81 17.95 15.22 14.88 3,630,225.33 | 12,035,372.54
Soil Sample Locations:

SOIL SAMPLE ELEV. NORTHING EASTING

CAA06-S026 8.85 3,630,208.02 12,035,514.72 :

CAAD6-S027 13.48 3,630,168.32 12,035,479.68

CAA06-S028 10.99 3,630,268.31 12,035,402.95

CAAD6-5029 15.25 3,630,210.80 12,035,503.14

CAA06-S030 13.21 3,630,196€.55 12,035,534.76

CAA06-S031 13.47 3,630,181.60 12,035,519.57

CAAD6-5032 14.36 3,630,158.69 12,035,446.98

CAA06-S033 15.00 3,630,170.83 12,035,426.11

CAAD6-S0O39 15.57 3,630,181.26 12,035,409.52

910.897.325"7 AOFFICE WWW.ECLSINC.COM 910.897.2329 Fax




N: 3,630,300

CP 1.
PKNAIL

N: 3,630,250

TOP MOUND
ELEV=31.45 ®

MWO2
S029
®

227 FiIsH DRIVE
ANGIER, NC 27501
910.897.3257
910.897.2328 FAX

S026

SURVEYING THE EAsT COAST

ECLS

CATCH BOX | RUINS
TNT GRAINING

N: 3,630,200

N: 3,630,150

N: 3,630,100

m m
N N
o o
W W
G G
(X} W
o (o)
o o

HOUSE

®

®
S027

S032
N 87°41°34” w

@
S030

®
S031
SUMP

MWO5 TOP=16.00’
BOT=11.79’

89.05’

CP 4:
PKNAIL

00¥°GE0°C1 3

0S¥°Ge0‘Cl 3

006°Ge0‘C1 3
06G°Ge0‘Cl 3
009°Ge0°C 1 3

TOP OF WELL
WELL NUMBER

TOP OF CASING

CONCRETE
SURFACE

GROUND
SURFACE

NORTHING EASTING

(ft msl)

(ft msl)

(ft msl)

(ft msl)

CAAO06-MWO01

16.75

16.86

14.07

13.83

3,630,268.87

12,035,321.62

CAA06-MWO02

18.28

18.51

15.70

15.37

3,630,217.52

12,035,414.01

CAA06-MWO03

14.86

15.01

12.31

11.90

3,630,229.37

12,035,521.91

CAA06-MWO04

15.86

16.09

13.20

12.91

3,630,119.16

12,035,533.99

CAA06-MWO05

16.63

16.88

14.01

13.59

3,630,167.10

12,035,498.53

CAA06-MWO06

17.81

14.88

3,630,225.33

12,035,372.54

NOTE: FIELD DATA SURVEYED
BY ECLS, INC. ON 09-23-2013

LEGEND

N

NAIL
MONITORING
SOIL SAMPLE

WELL

DATUM

VA SOUTH GRID (NAD 83)
VA SOUTH GRID (NAVD 88)

J

G. DARRELL TAYLOR
Lic. No. 2985

—7
4 1
4 surV

GRAPHIC SCALE

50
e s —
1 INCH = 50 FEET

069°Ge0°C1 3

00,°Gg0‘C1 3

0G.°Ge0‘C1 3

008°Ge0‘Cl 3

068°Ge0‘Cl 3

006°GE0‘C ) 3

0G6°Ge0C L3

SOILSAMPLE

NORTHING

EASTING

CAA06-5026

3,630,208.02

12,035,514.72

CAA06-5027

3,630,168.32

12,035,479.68

CAA06-5028

3,630,268.31

12,035,402.95

CAA06-5029

3,630,210.80

12,035,503.14

CAA06-S030

3,630,196.55

12,035,534.76

CAA06-S031

3,630,181.60

12,035,519.57

CAA06-S032

3,630,158.69

12,035,446.98

CAA06-SO33

3,630,170.83

12,035,426.11

CAA06-SO39

3,630,181.26

12,035,409.52

CONTROL SET

NORTHING

EASTING

CP 1: PKNAIL

3,630,269.76

12,035,942.31

CP 2: PKNAIL

3,630,200.45

12,035,788.21

CP 3: PKNAIL

3,630,137.30

12,035,528.45

CP 4: PKNAIL

3,630,140.88

12,035,439.47

VA SOUTH GRID (NAD83)

SURVEYING OF MONITORING WELLS
REMEDIAL INVESTIGATION AT NAVAL WEAPONS

STATION YORKTOWN; CHEATHAM ANNEX

WILLIAMSBURG, VIRGINIA
NAVY CLEAN 1000 CONTRACT N62470-08-D-1000

CTO-056

CTO—-056

PROJ. NO.:

AOC 6 TNT

DRAWN BY: DWS

FILENAME:

10—-21-2013




227 FisH DR., ANGIER, NC 27501

A VETERAN OWNED CaomMPANTY

+*Enginaaring

+*Construction Staking

=L and Surveying
*Subsurface Utility Locatng

CHZMHILL SURVEYOR REPORT
Surveying of Staff Gauge at Penniman Lake
Remedial Investigation (R1) at Naval Weapons Station Yorktown; Cheatham Annex
Williamsburg, Virginia
Navy CLEAN 8012

CONTRACT N62470-11-D-8012

CTO-WE47

)
c
. &
3 G DARRE!'._L TAYLOR »
Lic. No. 2985

OQ-

<4
surv

Date of Survey: 08/22/2014
Name(s) of field survey members: Bryan Ross and Ross Nelson
Name(s) of office survey members: Darrell Taylor and Lori Swick
CH2M Hill Representative(s): Joe McCloud and Mark Ost
Temperature: 80°F; Barometric Pressure: 29.6

Sunny during a.m.; thunderstorms in p.m.

210.897.3257 OFFICE

WWW.ECLSINC.COM 2910.897.2329 Fax




227 FisH DR., ANGIER, NC 27501 E l: I S
*Enginacring

«Construction Staking

*Land Surveying

*Subsurface Utility Locating

A VETERAN OWNED COMPAMNY

Purpose:

Determine the horizontal and vertical location of one staff gauge at Penniman Lake which is in
the vicinity of the Cheatham Annex (CAX) AOC 6 TNT subareas, Williamsburg, Virginia.

Survey Control Stations:

The Horizontal values shown in this report are Virginia South State Plane Coordinate System of
1983 North Zone (NAD83). The Vertical values shown in this report are in NAVD 88 Datum
current adjustment. Three monitoring wells were tagged to demonstrate consistent use of
elevation control points. Said monitoring wells were previously located on September 23, 2013
by ECLS, Inc. (CTO-056). All coordinates are shown in U.S. Survey Foot.

Existing control from site well locations at AOC 6 TNT sub-areas which were previously
established by ECLS, Inc. on September 23, 2013:

CONTROL NORTHING EASTING ELEV,
CP 1: PKNAIL 3,630,269.76 12,035,942.31 10.66
CP 2: PKNAIL 3,630,200.45 12,035,788.21 10.76
CP 3: PKNAIL 3,630,137.30 12,035,528.45 11.32
CP 4: PKNAIL 3,630,140.88 12,035,439.47 12.85

MW 03 3,630,229.37 12,035,521.91 15.01
MW 04 3,630,119.16 | 12,035,533.99 16.09
MW 05 3,630,167.10 I 12,035,498.53 16.88

910.897.325"7 GFFICE

WWW.ECLSINC.COM

910.B97.2329 Fax




227 FisH DRrR., ANGIER, NC 27501

ECLS

A VETERAN OWNED COMPAMY

The following checks were made throughout the survey.

CONTROL CHECKS NORTHING EASTING ELEV.
CP1 CHECK FROM CP2 3,630,269.75 12,035,942.30 10.66
DIFFERENCE 0.01 0.01 0.00

CP2 CHECK FROM CP 1 3,630,200.45 12,035,788.20 10.77
DIFFERENCE 0.00 0.01 -0.01

CP3 CHECK FROM CP 2 3,630,137.30 12,035,528.48 11.30
DIFFERENCE 0.00 -0.03 0.02

CP4 CHECK FROM CP3 3,630,140.89 12,035,439.41 12.86
DIFFERENCE -0.01 0.06 -0.01
MWO3 FROM CP3 3,630,229.37 12,035,521.78 15.00
DIFFERENCE 0.00 0.13 0.01
MWO04 FROM CP3 3,630,119.16 12,035,533.96 16.10
DIFFERENCE 0.00 0.03 -0.01
MWO5 FROM CP3 3,630,167.02 12,035,498.42 16.88
DIFFERENCE 0.08 0.12 0.00

The equipment used to conduct this survey was as follows:

Nikon NPR 332, data collector Nomad DCL I-C, Topcon Level ATG2

=Engineerng

*Canstruction Staking
=Land Surveying
*Subsurface Utllity Locaung

Horizontal control work complies with Third Order Class Il (1:5,000) as outlined in the FGDC
Geospatial Positioning Accuracy Standards, Part 4: Standards for Architecture, Engineering,
Construction (A/E/C) and Facility Management. Vertical control work complies with Third Order
(0.05V) as outlined in the FGDC Geospatial Positioning Accuracy Standards, Part 4: Standards for
Architecture, Engineering, Construction (A/E/C) and Facility Management and Part 2: National
Standard for Spatial Data Accuracy.

910.897.2257 OFFICE

WWW.ECLSINC.COM

910.8B97.2329 FAX



227 FisH Dr., ANGIER, NC 27501

ECLS

A VETERAN OWNED COoMPANY

Staff Gauge at Penniman Lake:

*Engincering

«Construction Staking
*Land Surveying
*Subsurfate Utility Locating

CH2M Hill personnel arbitrarily set the staff gauge at Penniman Lake at a random elevation. To
obtain a NAV88 elevation, you would need to add 7.34’ to the reading on the gauge. For
example, the top of the staff gauge (the 4.0 reading) is actually 11.34" and the water level
reading on the staff gauge at 2:00 pm on August 22, 2014 was 0.72’ which equates to an

elevation of 8.06’.

Top of Staff Gauge

Virginia South State Plane Coordinate System of 1983 North Zone (NAD83) and NAVD 88 Datum

STAFF GAUGE NORTHING EASTING ELEV.

TOP OF MOUNTING POLE 3,630,375.74 | 12,036,120.77 13.17

TOP OF GAUGE @ 4.0 MARK | 3,630,375.74 | 12,036,120.77 11.34
Staff Gauge: Steel Frame Weir close to staff gauge:

910.897.225"7 OFFICE

WWW.ECLSINC.COM

910.897.2329 FAX



227 FisH DrR., ANGIER, NC 27501 E c I_ 5

A VETERAN OWNED COoMPANY *Engineering
=Construction Staking
*Land Surveying
*Subsurface Utility Locating

Survey Quality Control Plan:
Throughout the course of this survey the following procedures were used:

All centering and height measurements were independently checked. Control stations were
obse<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>